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Improved understanding of the motivational precursors to maintaining an active lifestyle across 
the lifespan is key to the development of interventions supporting successful aging. One such 
motivational precursor is Flow, the optimal experience of an activity that is predicated on a 
perceived skill-challenge balance. The purpose of this research was to examine how the Flow 
experience is influenced by age differences in socioemotional motives. In the first study, 
participants were asked to recollect their experiences during specific activities that varied with 
respect to social purpose (communal or agentic) and social context (with others or individual) 
and to rate their Flow states during those activities. Older adults showed disproportionately 
enhanced Flow for communal activities, suggesting that with age, social motives may contribute 
relatively more to the experience of activity engagement. In the second study, within a laboratory 
setting, the Flow state was measured immediately following engagement with jigsaw puzzles in 
which the social condition (individually or with a familiar partner) and difficulty level (easy or 
difficult) were manipulated within subjects, such that all participants engaged in all conditions 
but in a counterbalanced order. Neural correlates of task engagement were explored by 
measuring recruitment of frontal regions using functional near-infrared spectroscopy (fNIRS). 
Although no age difference was found in the effect of social condition or difficulty level, older 
adults reported higher levels of Flow when they were assigned to the paired social condition first, 
regardless of difficulty. Neural recruitment was greater in the individual condition than in the 
paired condition for both age groups; younger adults, but not older adult, showed enhanced 
neural recruitment with difficulty. Overall, the research suggested that the strength of the Flow 
experience is differentially influenced by the social environment with age, but more work is 
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needed to understand the phenomenological experience of effortful engagement and the age 
differences therein.  
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CHAPTER 1: INTRODUCTION 
According to the Population Division of the US Census Bureau, the percentage of the 
world’s population of persons aged 65 and older will nearly double from 2015 to 2050 (He, 
Goodkind, & Kowal, 2015). This change in population has the potential to greatly impact the 
health of societies given the potential costs of unsuccessful cognitive aging. Dementia alone, one 
possible outcome of unsuccessful cognitive aging, has an estimated global cost of $818 billion 
with 85% associated with family and social care rather than medical expenses (Livingston et al., 
2017). Therefore, it is imperative for researchers to define successful cognitive aging and find 
the mechanisms that support such positive development. 
 Current research in cognitive aging demonstrates extreme variability among individuals 
(Hartshorne & Germine, 2015; Anderson & Craik, 2017). Importantly, cognitive development is 
a life-long process that may be influenced by various factors, which are themselves malleable 
(Livingston et al., 2017). Knowing the conditions that support the development and maintenance 
of successful cognitive aging can help researchers develop interventions that support cognitive 
health (Stine-Morrow, 2007). There is considerable evidence that an active lifestyle is a correlate 
of cognitive health and well-being (Fratiglioni, Paillard-Borg, & Winblad, 2004; Hertzog, 
Kramer, Wilson, & Lindenberger, 2008; Hultsch, Hertzog, Small, & Dixon, 1999). Experiments 
(Carlson et al., 2008; Park et al., 2014; Stine-Morrow et al., 2014), “natural experiments” 
(Rohwedder & Willis, 2010), and prospective longitudinal studies (Brown et al., 2016; Gow, 
Mortensen, & Avlund, 2012; Schooler, Mulatu, & Oates, 2004) suggest the potential for activity 
engagement to foster cognitive resilience. Therefore, understanding the motivational precursors 
of activity engagement, such as Flow, across the lifespan is important. 
The current research examined age differences in Flow, a plausible motivational 
precursor to activity engagement to support cognitive health (Stine-Morrow, Worm, Barbey, & 
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Morrow, in press). Flow is an optimal experience that occurs during an activity, which can 
contribute to the intrinsic motivation to regularly engage in that activity (Csikszentmihalyi, 
Abuhamdeh, & Nakamura, 2005). Specifically, the aim of the current project was to examine 
how the Flow experience may be impacted by age differences in socioemotional motives. By 
way of introduction to the motivation for this research, literature will be reviewed to characterize 
the age-related differences in selectivity and socioemotional function, the nature of Flow, and 
finally, what is known about how the Flow experience is impacted by social factors and aging.  
Selectivity and Socioemotional Aging  
During adulthood, cognitive abilities peak at different ages. For fluid abilities, including 
working memory and processing speed, the peak is relatively early in adulthood with a general 
decline afterward. Crystallized abilities, including vocabulary and comprehension, may not reach 
their peak until middle or late adulthood (Hartshorne & Germine, 2015). Declines in fluid 
abilities may be related to differential declines across brain regions that are driven by primary 
aging, or senescence processes (Dennis & Cabeza, 2008; Fjell et al., 2009; Mather, 2012). While 
the growth and preservation in crystallized abilities are largely determined by experience 
(Stanovich, West, & Harrison, 1995).  
However, successful aging and resilience for age-related declines is possible. Baltes 
(1997) proposes in selective optimization with compensation (SOC; Riediger, Li, & 
Lindenberger, 2006) that with declines in certain physical and cognitive resources, successful 
aging requires individuals to be more selective in pursuing goals that are then optimized through 
commitment, practice, use of physical abilities, and exploiting other personal resources. 
Furthermore, these goals can be realized by strategically compensating for these declines. But 
this strategic compensation requires more allocation of effort to be effective. Reuter-Lorenz and 
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Cappell (2008) propose that older adults may achieve cognitive performance similar to that of 
younger adults through overactivation of neural circuits. Thus, in their compensation-related 
utilization of neural circuits hypothesis (CRUNCH), they suggest that older adults may to some 
extent overcome decreases in neural structure with compensatory activation. Similarly, there is 
compensation through the upregulation of cognitive resources (Cabeza et al., 2018). Older adults 
have been found to achieve comparable levels of language performance with the overallocation 
of time to language processing components (Stine-Morrow, Milinder, Pullara, & Herman, 2001; 
Stine-Morrow, Miller, & Hertzog, 2006). Older adults with comparable memory performance 
have also shown differential alllocation of effort as measured through pupillometry (Piquado, 
Isaacowitz, & Wingfield, 2010). However, there are limits to compensatory recruitment, such 
that beyond a certain point, performance declines (with concomitant decreases in neural 
recruitment). Furthermore, strategic efforts to mobilize resources for compensation can be costly 
(Hess, 2014). 
Because of the costs of effortful allocation for compensation, older adults’ motivation to 
engage in high-demand cognitive tasks may be lessened (Hess, 2014). At the same time, effortful 
engagement in activities, such as education, cognitive training, and physical exercise may 
support successful cognitive aging (Livingston et al., 2017). Therefore, it is important to 
understand the motivational precursors of selection and engagement in activity. 
One shift in motivation that may guide these strategic efforts is an increased emphasis on 
emotional and social concerns (Carstensen, 2006; Carstensen, Isaacowitz, & Charles, 1999; Fung 
et al., 2016). Carstensen (2006) has proposed socioemotional selectivity theory (SST), which 
holds that goal selection is influenced by the perception of how much time one has left in life. A 
person with an expansive future time perspective (FTP) pursues goals that prepare them for the 
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future. A person with a limited FTP pursues goals that are emotionally satisfying. Therefore, as 
people get older and perceive less time left in life, they are motivated to pursue activities that 
bring emotional satisfaction rather than provide novel experience.  
One piece of evidence for SST is the “positivity effect” (Reed, Chan, & Mikels, 2014) 
which involves aged related preferences for positively valenced stimuli. This positivity effect can 
be seen in the relative bias of older, when compared to younger, adults in the processing of 
positive rather than negative information. For example, when shown both positive and negative 
stimuli, older adults tend to remember positive rather than negative information (Carstensen & 
Mikels, 2005). Also, as measured with eye-tracking, older adults focused more on faces 
displaying more positive valenced emotions (e.g., happiness) than negative valenced emotions 
(e.g., sadness) when compared to younger adults (Isaacowitz, Wadlinger, Goren, & Wilson, 
2006). Older adults report better emotional well-being and the ability to regulate their emotions 
than younger adults (Mather, 2012). This may be due in part to enhanced strategies to manage 
emotions with age. Compared with younger adults, older adults tend to either suppress or 
downregulate their response to negative information (Katsumi et al., 2020) and are less distracted 
by negative information (Mather, 2012), while younger adults have reported greater use of other 
strategies such as rumination (Nolen-Hoeksema & Aldao, 2011).  
Some researchers of SST have investigated whether the age-based shift in goal selection 
is not towards a hedonistic, or preference for positive stimuli or pleasure, but towards an 
eudaimonic, or preference for emotionally meaningful stimuli or self-fulfillment, orientation 
(Fung, Lu, & Isaacowitz, 2019; Carstensen, et al., 1999). Fung, Lu, and Isaacowitz (2019) 
measured younger and older adults’ attention by tracking how long their eyes spent on faces on a 
computer screen. The faces were either positive (i.e., happy expression) or negative (i.e., angry 
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or sad). To manipulate emotional meaningfulness, participants were asked to complete a 15-item 
daily activity scale and then told that faces in red boxes shared those interests, while faces in 
green boxes did not share them. Participants were then shown faces of five different people that 
consisted of different valences (i.e., happy, angry, and sad) that included two target faces, one in 
a green box and one in a red box. The results of the experiment showed that older adults, when 
compared to younger adults, spent more time gazing at faces they perceived were emotionally 
close to them, while younger adults spent more time on faces of non-close targets. Furthermore, 
attention by valence demonstrated no interaction with age.  
This same preference for eudaimonic goals has been found in relation to social 
relationships. When presented with the options of spending time with an immediate family 
member or a novel social partner, older adults, compared to younger adults, tend to select the 
immediate family member (Lang & Carstensen, 2002; Fung, Carstensen, & Lutz, 1999). But 
when asked to imagine that a new medical advance had given them 20 more years to live than 
they had expected, older adults acted more similarly to younger adults and sought to expand their 
horizons and spend time with a novel social partner. When Hong Kong was transferred from the 
United Kingdom to the People’s Republic of China in 1997, citizens of Hong Kong reported that 
they were worried about how the change in government would impact their personal freedoms 
and standard of living (Fung, Carstensen, & Lutz, 1999). This feeling of limited time until the 
change-over motivated them to seek emotionally meaningful rather than novel partners that may 
have provided a purely hedonistic experience, similar to older adults who also had a limited time 
perspective.  
In a study by Lang and Carstensen (2002), participants were asked to sort two sets of 
cards. The first set of cards had different social partners on them including family/relative (e.g., a 
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close member of my family) and knowledgeable partner (e.g., an author of a book that I read). 
Participants were asked to sort the cards for partner preferences based on whether they would 
like to spend time with that person. The second set of cards had social goals on them (e.g., social 
acceptance, autonomy), and participants ranked these cards based what they found important. 
Personal network characteristics, social satisfaction, and FTP were also measured for each 
participant. Older adults, who tended to endorse a limited FTP, preferred emotionally meaningful 
goals such as emotion regulation and generativity, and social partners associated with strong 
emotional meaning such as family/relatives. But younger adults, who tended to endorse an 
expansive time horizon, preferred autonomy and social acceptance goals and social partners with 
less emotional meaning such as casual friends or acquaintances. Thus, older adults, when 
compared to younger adults, appear to experience a shift towards eudaimonic goals and a 
preference for close emotionally meaningful social bonds which may impact their motivations to 
engage in activities.  
In an experiment that used financial incentives to encourage participants to increase their 
step-count per day, Raposo, Hogan, Barnes, Chemudupati, and Carstensen, (2020) found age 
differences in the effectiveness of the financial incentives as a function of where the funds were 
to be directed. For both age groups financial incentives directed towards the participant were the 
most effective in increasing steps. However, only among older, and not younger, adults did 
financial incentives directed toward charity motivate participants to increase their steps. 
This shift in motivation with aging may reflect a more fundamental shift in values such 
that social priorities are heightened (Fung et al., 2016). Values are trans-situational goals that 
serve to guide a person or social entity (Schwartz, 1994). As such, values motivate behavior, 
serve as standards for judging action, can be acquired at the individual level through social 
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norms, and are shaped by innate traits and developmentally appropriate needs (Freund & Ritter, 
2014). Commonly known as the “Big Two” (Abele & Wojciszke, 2014; Imhoff & Koch, 2017; 
Schwartz, 1994; Triandis & Gelfand, 1998), communal (or collectivistic) values represent a 
desire for closer social bonds, while agentic (or individualistic) values represent a desire for 
individual achievement. Some recent research suggests that the shift in motivation assumed by 
SST more generally shapes values with age (Freund & Ritter, 2014; Fung et al., 2016). For 
example, Fung et al. (2016) found that older individuals, relative to younger ones, were more 
likely to endorse values in line with a communal orientation rather than an agentic one. This 
tendency aligns with SST’s emphasis on the importance of meaningful close relationships with 
others as a person ages.  
Following the same procedure from Isaacowitz et al. (2006), which tested participants in 
the United States, Fung et al. (2008) tested participants in Hong Kong. These regions are 
presumed to differ with respect to values, with the United States associated with individualistic 
values and Hong Kong with collectivistic values. Fung et al. (2008) found that older adults paid 
more attention to faces displaying fear than happiness. They postulated that this may be due to 
the importance of understanding fear in others to maintaining emotionally meaningful 
relationships for older adults in collectivistic cultures. On the other hand, in an individualistic 
context sensing happiness in yourself and others may be important for emotional 
meaningfulness.  
In summary, due to a decline in cognitive resources, successful aging requires older 
adults to become more selective in their activity selection and to optimize their ability to engage 
in those activities. Optimization can be accomplished through compensation. However, 
compensation can be costly, placing even more pressure on selectivity, so that developing a 
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better understanding of the motivational precursors of activity engagement is necessary for a full 
account of successful cognitive aging. As one ages, increased emphasis on emotional satisfaction 
due a more limited time horizon may lead to a positivity effect which is associated with a 
preference for positive stimuli, or hedonistic tendencies, and to emotional meaningfulness and 
social goals, or eudaimonic tendencies, that may play an important role in shaping motivation for 
activity engagement.  
Flow 
As argued by Csikszentmihalyi (1990; 2005; 2014), behaviors engaged to support 
achievement or mastery, such as those that satisfy curiosity or involve creativity and/or 
productivity, are integral to human nature. Flow is an inherently pleasurable experience. As such, 
it might be thought of as hedonistic given that it only occurs when the person is enjoying the 
experience. On the other hand, Flow may also serve a self-enhancing, eudaimonic purpose. As 
argued by Csikszentmihalyi (1990; 2005; 2014), behaviors engaged to support achievement or 
mastery, such as those that satisfy curiosity or involve creativity and/or productivity, are integral 
to human nature. The Flow state is an individual experience that developed from this 
evolutionary need for curiosity and mastery to take on challenges with no extrinsic rewards 
(Csikszentmihalyi et al., 2005). According to this view, Flow can stimulate persistence in the 
face of effort. When one begins to quilt, the beginning stages of sewing may not provide 
apparent pleasure. But a person may be enticed to return to this activity through the autotelic 
nature of Flow and begin to master certain skills. This can create a feeling of accomplishment 
that supports their contribution to others (e.g., creating quilts for their family). Thus, the Flow 
experience may fulfill and support both hedonistic goals (e.g. having fun) and eudaimonic goals 
(e.g., self-fulfillment) (Delle Fave, Massimini, & Bassi, 2011). 
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The Flow experience has been found in many different activities (Csikszentmihalyi et al., 
2005). It has been described in athletic pursuits (Walker, 2010); physical activity (Elbe, Strahler, 
Krustrup, Wikman, & Stelter, 2010; Jackson & Eklund, 2002); games, including board and video 
games (Abuhamdeh & Csikszentmihalyi, 2012; Brom et al., 2014; Chen & Sun, 2016; de 
Sampaio Barros, Araujo-Moreira, Trevelin, & Radel, 2018; Kaye, 2016;  Keller & Bless, 2008; 
Kozhevnikov, Li, Wong, Obana, & Amihai, 2018; Peifer, Schulz, Schächinger, Baumann, & 
Antoni, 2014; Tozman, Zhang, & Vollmeyer, 2016); puzzles (Tse, Fung, Nakamura, & 
Csikszentmihalyi, 2018); work (Ilies et al., 2017; Magyarodi & Olah, 2015; Salanova, 
Rodriguez-Sanchez, Schaufeli, & Cifre, 2014); work simulations (Aubé, Brunelle, & Rousseau, 
2013); performing math operations (Ulrich, Keller, & Gron, 2016); therapy (Nissen-Lie, Havik, 
Hoglend, Ronnestad, & Monsen, 2015); bondage/discipline, dominance/submission, and 
sadism/masochism (BDSM) (Ambler et al., 2017); extreme rituals (Lee et al., 2016); and when 
listening to music (Ruth, Spangardt, & Schramm, 2016). Additionally, Flow has been reported 
across cultures (Delle Fave, Massimini, & Bassi, 2011). Thus, there is good reason to view Flow 
as a universal experience.  
The Flow state has been characterized as consisting of nine dimensions 
(Csikszentmihalyi, 1990, 2014). It is an autotelic experience in that it compels a person to 
continue to engage in that activity for the sake of that activity (Csikszentmihalyi & Massimini, 
1985; Delle Fave, Massimini, & Bassi, 2011). During the Flow state, a person experiences a 
complete sense of control over the activity that is accompanied by the merging of action and 
awareness. For example, when working on a jigsaw puzzle, a person controls where the pieces 
go and can become completely immersed in the puzzle, such that s/he does not think about what 
happened earlier in the day or what might need to be done later that day. When this merging of 
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action and awareness occurs, the person experiences an altered sense of time such that subjective 
time passes more quickly. The Flow experience is characterized by having a clear goal and a 
strong focus of attention during the task. The person also has clear and immediate feedback 
about progress toward the goal. The jigsaw player, for example, can refer to the box of the puzzle 
to see immediately how far they have progressed to their ultimate goal.  
The Flow experience is a positive subjective state that occurs during activities and is 
predicated on a balance between perceived challenge and skill (Csikszentmihalyi et al., 2005). 
As modeled in Figure 1 (Csikszentmihalyi, 2014), the Flow state is experienced when the 
perceived challenge of the activity is matched with the perceived skill of the participant. If the 
challenge of the activity is higher than their skills, a person can become anxious and frustrated 
with the activity. The novice jigsaw player may become frustrated when trying to complete a 3-D 
puzzle of the Manhattan skyline. If the challenge of the activity is lower than their skills, a 
person can become bored with the activity. The advanced jigsaw player may become easily 
bored when presented with a 15-piece jigsaw puzzle. Consistent with the idea that the Flow state 
evolved out of a need for mastery for survival, it is generally engendered when the challenge of 
an activity is at the upper limit of the skill available, allowing the individual to further develop 
this skill (Csikszentmihalyi, 2014). Thus, the Flow state may not occur if someone passively 
watches TV but may occur if the person plays along with a game show on television.  
In experimental contexts, the perceived skill-challenge balance has been found when 
experimenters provided different difficulty levels (Chen & Sun, 2016; de Sampaio Barros et al., 
2018), asked participants to self-select difficulty level (de Sampaio Barros et al., 2018), used a 
dynamic system that adapts to the participant’s skill level to create conditions that were easy, 
difficult, or a match (Keller & Bless, 2008; Keller et al., 2011; Kozhevnikov et al., 2018), or had 
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a common task (Peifer et al., 2014). Furthermore, physiological markers (e.g., heart rate, cortisol 
levels) correlated with greater activiation or effort have been found to be highest when the 
percieved skill-challenge balance is met when compared to the boredom and anxiety conditions, 
creating a U-Shape curve (Brom et al., 2014; de Manzano, Theorell, Harmat, & Ullen, 2010; 
Keller et al., 2011; Peifer et al., 2014). 
This skill-challenge balance may vary by culture (Moneta, 2004; Tse et al., 2018). 
Testing two samples, one an undergraduate sample in Hong Kong and the other high school 
students in the United States, over a seven-day period, Moneta (2004) had participants respond to 
items about the activity in which they were currently engaged. They used two items to assess the 
skill-challenge balance (e.g., “Challenges of the activity” and “Your skills in the activity”) and 
another set of items to gauge intrinsic motivation (e.g., “Was the activity interesting?’ and “Did 
you enjoy what you were doing?”). In the United States sample, which is presumably more 
individualistic, intrinsic motivation was highest in high-challenge/high-skill activities. While in a 
Hong Kong sample, which is presumably more collectivistic, intrinsic motivation was found to 
be highest in low-challenge/high-skill activities. Moneta (2004) argues that this is consistent with 
prudence, interconnectedness, and emotional moderation being more easily experienced in the 
low-challenge/high-skill activities, while personal enjoyment is better facilitated in the high-
challenge/high-skill activities. This study provides evidence that the Flow experience may differ 
by culture, but more research is needed to elucidate these proposed differences.  
Measurement of Flow 
Given the importance of the skill-challenge balance to the conceptualization of the Flow 
experience, assessing for this match has been important to its measurement. Flow has generally 
been studied using questionnaires that provide a retrospective self-report of the person’s 
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experience of the Flow state during a particular activity. Given that complete immersion is 
endemic to the Flow experience, the necessity of retrospective self-report maybe be unavoidable. 
Nevertheless, Flow is also measured using experience sampling (ESM; Csikszentmihalyi, 2014). 
ESM obtains a sample of a person’s daily life by collecting data while people are living their 
lives outside of the laboratory. During predetermined or random times throughout the day, 
regardless of their activity (e.g., working, cleaning, shopping), participants are asked to rate their 
subjective experience at that time including their experience of the Flow state, where they are, 
who they are with, or any other condition that could influence their subjective experience. One 
such measure of the subjective experience of Flow is The Flow Questionnaire (FQ; 
Csikszentmihalyi, 2014; Moneta, 2012). In the FQ, participants are asked to describe their own 
experiences of Flow and to rate the activities on a brief list of items (e.g., “I get involved,” 
“challenges of the activity,” and “your skills in the activity”) using Likert-like scales. This 
provides an assessment of whether the skill-challenge balance was met and thus assumed the 
Flow experience occurred. Results from ESM studies show that Flow can be experienced across 
different contexts and activities, but only in circumstances that present challenges that meet the 
individual’s skill level (Csikszentmihalyi, 2014). By using ESM, researchers can gain a better 
understanding of how the Flow state fluctuates over time and in different conditions within a 
natural context. Potential limitations of using ESM include the difficulty of isolating factors that 
influence Flow since it takes place outside of an experimental context.  
Fong, Zaleski, and Leach (2014) in a recent meta-analysis found that the perceived skill-
challenge balance was a predictor of Flow, but that the other dimensions of Flow may also be 
considered as antecedents to the experience. Some questionnaires measure Flow in specific 
contexts and take into account the other eight dimensions such as The Flow State Scale-2 (FSS-
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2; Jackson & Eklund, 2002) which was designed for use in physical activities. The FSS-2 uses 
nine dimensions of Flow that were confirmed using a confirmatory factor analysis and found to 
be valid in physical activities. Internal consistency in the dimensions ranged from .80 to .92 for 
the FSS-2.  
Another questionnaire, the Activity Flow State Scale (AFSS; Payne, Jackson, Noh, & 
Stine-Morrow, 2011) was designed to measure Flow across different contexts. Participants, 
consisting of an older sample, were first asked to recollect a recent activity and provide ratings. 
The items in the AFSS were adapted from the FSS-2 and other measures for use in characterizing 
physical and non-physical activities. Using confirmatory factor analysis, Payne et al., (2011) 
found that the AFSS fit a variety of activities using a nine-factor model, with an internal 
consistency within the factors ranging from .71 to .90. For the whole scale, internal consistency 
was found to be high with .89 in high cognitively demanding challenges and .91 for low 
cognitively demanding challenges. Furthermore, Flow was higher when there was a match 
between challenge and skill: participants with high fluid ability had higher Flow scores in 
cognitive activities, while participants with lower fluid ability reported higher Flow scores in 
non-cognitive activities. Thus, again demonstrating that people generally experience the Flow 
state when the challenge of the activity is matched to the skills of the participant.  
 Overall, the measurements of the Flow state show strong psychometric properties. 
Studies that utilize ESM demonstrate that Flow is experienced in a wide range of activities and 
the intensity of the experience fluctuates with time and context (Csikszentmihalyi, 2014). Flow 
state measures, whether they were designed for a specific type of activity (Jackson & Eklund, 
2002) or for a wide range of activities (Payne, Jackson, Noh, & Stine-Morrow, 2011) and taking 
into account the perceived skill-challenge balance and other dimensions of Flow, demonstrated 
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strong internal consistency. Additionally, the nine-factor model of Flow was found across Flow 
state measures (Jackson & Eklund, 2002; Payne, Jackson, Noh, & Stine-Morrow, 2011) therefore 
lending itself to future research. 
Social Motivation and Flow 
 As originally conceptualized, the Flow state is an individual experience that evolved to 
support individual mastery (Csikszentmihalyi et al., 2005). However, this experience may also be 
influenced by social factors. According to Bandura’s (2001) Social Cognitive Theory, a person’s 
self-system, or purpose, is interdependent with the social environment in which it is situated, 
such that a person’s purpose and self-efficacy and the surrounding sociocultural environment are 
co-determinants of a person’s behavior. This can be seen with intrinsic motivation, a process 
linked to Flow. Ryan and Deci (2000) posit in Self-Determination Theory that intrinsic 
motivation can be dependent on the surrounding social-contextual conditions. They compare this 
to the attachment theory that suggests infants need secure attachment in order to perform 
autonomous exploration. Accordingly, social conditions, such as whether a teacher provides 
support or interacts with their students, has been found to influence students’ intrinsic motivation 
(Ryan & Deci, 2000; Ryan & Grolnick, 1986). Thus, the Flow experience might be expected to 
be impacted by the social context in which the activity takes place. 
There is some evidence to support this. Tse et al. (2018) asked participants to solve 
puzzles either by themselves or with another person. In the social condition, participants were 
encouraged to work together, rather than compete against one another, to create a shared 
motivation. There were also three different difficulty levels for the puzzles. Flow was measured 
using the FSS-2. Overall, Flow was negatively correlated with an increase in difficulty level, but 
this effect was lessened when participants were working with another person. In looking at 
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Figure 1, one can imagine that the Flow channel may encompass more of the anxiety space when 
working with a partner since they would be able to achieve a higher level of Flow in the face of 
higher challenge. Thus, the social context moderated the experience of Flow as difficulty level 
increased, showing that social context can influence the Flow experience.  
Salanova et al. (2014) examined the relationship between collective efficacy, the 
perceived ability for the group’s skill to match the challenge of the activity, and collective Flow, 
the experience during an activity once the skill-challenge balance is met. In this study, 
participants were randomly assigned to teams that were tasked with designing a program for an 
annual Cultural Event Week at the university (e.g., creating a schedule for the event and posters 
that would be used to advertise the event). Salanova et al. (2014) found that collective efficacy 
was predictive of collective Flow. On the other hand, participants who were prone to social 
anxiety, and thus less likely to benefit from feelings of collective efficacy, rated lower social 
flow scores (Brom et al., 2014). 
In addition, the type of social partner may impact the level of Flow. Decloe, Kaczynski, 
and Havitz (2009) asked participants to rate activities in a logbook for seven days with respect to 
the challenge the activities presented and the participant’s own level of skill in completing them. 
They operationalized Flow by seeing if the levels of challenge and skill matched. If they were 
found to match, then it was thought that Flow occurred in that activity. They found that 
participants logged a higher proportion of activities that have produced Flow (i.e., were rated as 
similar in challenge and skill) in the social context of a club/group with a shared interest (e.g., 
running club) when compared to other social settings (e.g., partner, friend, co-worker). In 
another study (Walker, 2010), participants were asked to play paddleboard alone or with a 
partner and found higher joy or positive valence when playing with another person. Given that 
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the nature of paddleboard is a paired activity, it is consistent that a higher positive valence would 
be found when it is done with another person compared to when it was done alone.  
In summary, social context has been found to allow people to experience Flow at higher 
difficulty levels than if they were alone (Tse, et al., 2018). Furthermore, the intensity and/or the 
positive valence of the Flow experience has been found to increase when a person felt they were 
working well with a partner (Walker, 2010) or a team (Salanova, et al., 2014). The extent of the 
increase may depend on the social relationships between the individual and the other activity 
participants (Decloe, el al., 2009). Therefore, the social context of an activity may allow for 
higher levels of Flow than if the activity was done alone, thought this may depend on the social 
relationships of the participants and the importance of the social context within the activity. 
Age and Flow 
Previous studies have demonstrated the validity of the Flow construct in older samples 
(Collins, Sarkisian, & Winner, 2008; Heo, Lee, McCormick, & Pedersen, 2010; Heo, Lee, 
Pedersen, & McCormick, 2010; Mannell et al., 1988; Payne et al., 2011), but little has been done 
to investigate age differences in Flow. In a recent review Tse, Nakamura, and Csikszentmihalyi 
(2020) suggest that while Flow is linked to the development of the mastery of skills in earlier age 
(Shernoff, 2012; Shernoff & Csikszentmihalyi, 2009), it may also be supportive of the 
compensation necessary for successful aging. Furthermore, Tse et al. (2019) suggest that older 
adults may seek less challenging tasks that might be supportive of successful aging. This 
preference for less challenging tasks would be consistent with reduced motivation for older 
adults to engage in high-demand cognitive tasks given the costly strategic reserves necessary to 
engage in them (Hess, 2014). Consistent with this view, Heo, Lee, McCormick et al. (2010) 
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found that their sample of older adults experienced Flow in many activities with a lower 
challenge compared to their skill level.  
While there may be a decline of skill in certain areas that require compensation for older 
adults, the Flow experience was still found to be experienced once the participant’s skill matched 
the challenge of the activity, in both high and low challenge activities (Payne et. al., 2011). 
Additionally, higher quality Flow was found to be related to higher positive affect in the activity 
(Collins et al., 2008). Given the importance of socioemotional motives with age and the finding 
discussed above that working with a partner moderated the intensity of the Flow experience 
between difficulty levels (Tse, et al., 2018), it would follow that older adults may differentially 
experience higher Flow in more challenging tasks that are done with a social purpose or context 
compared to younger adults. When looking at Figure 1, one could imagine an increased slope of 
the upper line that would encompass more of the anxiety space for older compared to younger 
adults when in a social environment. Thus, exploring how the motivation changes associated 
with SST, postive valence and emotional meaingfulness, and the experience of the skill-
challenge balance amongst older adults in the Flow experience may further elucidate the 
motivational precursors underlying successful aging. 
The Current Research 
Through two studies, the current research explored the influence of social motivation on 
the experience of the Flow state among younger and older adults. One the one hand, inherent in 
the Flow experience is that is a hedonistic experience that is pleasurable. On the other hand, it is 
derived from the agentic individual drive to gain mastery that can confer an eudaimonic, 
emotional meaningfulness to activities (Csikszentmihalyi et al., 2005).  
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As reviewed above, SST posits that with age there are differences in socioemotional 
motives that are related to changes in FTP (Carstensen & Mikels, 2005). This shift is associated 
with a positivity effect that leads to an individual bias towards postive valenced stimuli (Reed, 
Chan, & Mikels, 2014). Thus older adults may be expected to be drawn to experiences that can 
provide Flow given its positive valence. This shift in socioemotional selectivity is also associated 
with a preference for emotionally meaningful goals including an inclination to engage with close 
partners (Lang & Carstensen, 2002; Fung, Carstensen, & Lutz, 1999; Fung et al., 2019), and a 
shift towards communal values (Fung et al., 2016). Thus, changes in socioemotional motives 
may impact the intensity of the Flow experience depending on whether an activity is engaged for 
an agentic or individual vs. a communal or social purpose, as well as on whether the activity is 
engaged in alone or with another person. Given older adults preference for emotionally 
meaningful goals, they may experience more Flow helping their grandchildren practice their 
baseball swing, which has a communal purpose of developing others’ skills and is done with 
other people, than developing their own swing at a batting cage, which has an agentic purpose of 
developing their own skills and is done alone. But their grandchildren, the young adults they are, 
may experience higher Flow at the batting cages than in a teaching setting given their longer 
future time perspectives and preferences for developing their own skill. Since older adults show 
a shift towards social motives with age (Fung, et. al., 2016), their experience of Flow can be 
expected to be dependent on the social purpose and context of the activity.  
The first study, using retrospective reports, investigated the influence of social motives 
and context on Flow across the lifespan. The second study provided experimental evidence on 
whether the age-related preference for socioemotional goals is related to the experience of Flow 
as a function of age. Furthermore, this study sought to build upon findings from previous 
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research that suggests older adults tend to experience higher Flow states in lower compared to 
higher challenge activities. In an exploratory vein, the second study investigated the neurological 
correlates of the Flow experience.  
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CHAPTER 2: EXPERIMENT 1: INFLUENCE OF SOCIOEMOTIONAL MOTIVES ON 
FLOW WITH AGE  
This study investigated how the subjective experience of deep engagement and pleasure 
in an activity might be shaped by socioemotional goals and values with age. Based on 
Csikszentmihalyi’s idea of Flow as emerging from activities focused on mastery, it would be 
expected that the level of Flow would be higher in activities with an agentic purpose, relative to 
those with a communal purpose. Further, given the literature reviewed above suggesting an 
enhanced orientation to more social motives with age, the hypothesis that was tested is that the 
experience of Flow might be relatively greater for activities engaged in for a social purpose or in 
a social context with progression through the lifespan.  
To test this prediction, participants first recollected previous activities defined by the 2 x 
2 combination of purpose (communal or agentic) and context (social or individual). This 
produced four activities, one done for an agentic purpose in an individual context, another for an 
agentic purpose in a social context, another for a communal purpose in an individual context, and 
finally, a communal purpose in a social context. For each activity, participants completed the 
AFSS (Payne et al., 2011), an assessment of the intensity of the Flow state experienced in that 
activity. To examine the specific prediction from SST that any social enhancement of Flow 
would be attributable to a perceived foreshortening of the temporal horizon, we measured FTP 
(Lang & Carstensen, 2002). Similarly, to examine the role of values in the social enhancement of 
Flow, individualistic and collectivist values (Singelis, Triandis, Bhawuk, & Gelfand, 1995; 
Triandis & Gelfand, 1998) were measured. To provide a better characterization of our sample, a 




The experiment involved three bouts of data collection that were conducted by recruiting 
samples from Amazon Mechanical Turk (MTurk, n = 292 and n = 418) and from the community 
(n = 60). MTurk is a web-based recruiting platform that is increasingly being used in 
psychological research (Buhrmester, Kwang, & Gosling, 2011; Crump, McDonnell, & Gureckis, 
2013; Zickuhr & Madden, 2012; Paolacci, Chandler, & Ipeirotis, 2010). Our use of MTurk 
allowed us to recruit a large, diverse sample with a continuous age range into the seventh decade. 
To extend the age range into the ninth decade, the community sample was recruited. 
For the MTurk samples, volunteers had to use an IP address based in the United States in 
order to enter into the studies; across these two studies, the age range was 18 to 65 years of age. 
Data were collected from an additional 46 participants, but their data were excluded because of 
failure to follow directions (e.g., not passing the catch items, not providing an age, or not 
following directions to generate four activities; and/or reported activities outside of the temporal 
window in the instructions). For the community sample, participants ranging in age from 61 to 
84 were recruited from the Champaign-Urbana area. Characteristics of the participants and their 
activities can be found in Table 1, in which data are broken out for younger (Y, 18-29 years of 
age), young-middle (YM, 30-40 years of age), middle-aged (M, 41-60 years of age), and older-
aged (O, 61-84 years of age) adults.  
The four different age groups were comparable in race, χ2 (15, N = 770) = 18.44, p = 
.240, but the M and O group had a higher proportion of women than the other two groups χ 2 (3, 
N = 770) = 12.00, p < .008. The groups differed in level of education with the YM group 
reporting more years of education than the Y and M groups, ps < .002 for both, but did not differ 
22 
from the O group, t(126) = 1.887, p = .061. The O, Y and M groups did not differ in years of 
education, (MY = 14.92, SE = .13; MYM = 15.66, SE = .12, MM = 15.03, SE = .17, MO = 15.11 
SE = .26), F(3, 769) = 5.98,  p < .001. All analyses were conducted with years of education as a 
covariate, but education was not a significant effect except where noted.  
 FTP showed a monotonic decrease with age, F(3, 763) = 17.52,  p < .0011. Post hoc t-
tests showed that FTP was lower in the O group compared to each of the other groups, ps < .015, 
and that FTP was lower for the M group relative to the two younger groups, p < .001, while the 
Y and YM groups did not differ, p = .677. This overall decrease in the perceived temporal 
horizon with age is consistent with the predictions of SST (Carstensen, 2006). 
With respect to values, there was not a significant difference in the endorsement of 
collectivistic versus individualistic values overall (MIND = 5.73, SE = .04; MCOL = 6.00, SE = 
.05), F(1, 471) = 3.01,  p = .083. However, the difference was moderated by age, F(3, 471) = 
9.51,  p < .001, such that collectivism was significantly higher than individualism in the M 
group, t(102) = -3.68, p < .001, and O group, t(74) = -4.38, p < .001 but not for the Y group, 
t(147) = 1.89, p = .061, and YM group, t(150) = -1.76, p = .080. This pattern of age differences 
in values is consistent with the increase in social orientation as predicted by SST (Fung et al., 
2016).  
Measures 
FTP (Lang & Carstensen, 2002) was measured with a 10-item scale that assessed the 
perception of an extended temporal horizon, such as “Many opportunities await me in the 
future,” and “My future seems infinite to me.” Participants rated each item in terms of “How true 
is this of you?” on a scale from 1 (very untrue) to 7 (very true). A higher score on the scale 
23 
represents a more expansive FTP while a lower score reflects a more limited perspective. The 
FTP Scale demonstrated very good internal consistency (α = .824). 
The “Big Two” values were measured with the Individualism-Collectivism Scale 
(INDCOL; Singelis et al., 1995; Triandis & Gelfand, 1998), which is a 32-item scale. For each 
item, participants were asked to rate their level of agreement from 1 (completely disagree) to 9 
(completely agree). Individualism and collectivism were each measured using 16 items. 
Examples of individualism items include, “One should live one’s life independently of others,” 
and “Without competition, it is not possible to have a good society.” Collectivism items included 
“To me, pleasure is spending time with others,” and “I feel good when I cooperate with others.” 
Each scale showed good internal consistency (individualism, α = .719; collectivism, α = .843).2  
The Midlife Development Inventory Personality Scales (MIDI) (Lachman & Weaver, 
1997) is a 30-item scale that has six personality traits scales; neuroticism, extraversion, openness 
to experience, conscientiousness, agreeableness, and agency. Each item contains an adjective 
corresponding to one of the scales and is rated on a 4-point scale. A higher score indicates how 
well they believe the adjective describes them. Within each trait, the MIDI scales demonstrated 
good to very good internal consistency, neuroticism (α = .75), extraversion (α = .80), openness to 
experience (α = .82), conscientiousness (α = .71), agreeableness (α = .89) and agency (α = .77). 
Procedure 
For the first two samples, participants were recruited through the MTurk platform. The 
procedures were identical in both MTurk studies with the exception of certain improvements at 
the second bout of data collection, including the addition of a measure of values and the 
inclusion of catch items to verify that participants were following instructions (Oppenheimer, 
Meyvis, & Davidenko, 2009). In both studies, participants were first directed to an electronic 
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survey on Qualtrics, a web-based survey platform, where they were presented with an informed 
consent document. After they consented and communicated that they were over the age of 18, 
participants began the experiment. For the community sample, after the participants agreed to 
participate in the study, the packet of materials, including informed consent, was mailed to their 
homes. The materials in the packet were in the same order as they were presented in the 
electronic version.  
For the Flow task, participants were first asked to provide examples of specific activities 
recollected from the last six months to fit into a 2 x 2 combination of purpose (agentic vs. 
communal) and context (individual vs. social). The instructions given to participants can be 
found in Appendix A. Examples of activities that fit into the 2 x 2 combination of purpose 
(agentic vs. communal) and context (individual vs. social) that were provided by participants can 
be found in Table 2. 
In the next phase, the four activities that had been provided by the participant were 
presented in a randomized order. For each activity participants were asked, “About how many 
days ago did you engage in this activity?” and provided ratings on a scale from 1 (completely 
disagree) to 5 (completely agree) for “I vividly remember this experience,” and “I was bored 
during the activity.” Then for each activity, participants completed a shortened version of the 
AFSS (Payne et al., 2011), consisting of 15 items equally applicable to physical and cognitive 
tasks. This shortened form of the AFSS measures seven dimensions of Flow, including skill-
challenge balance (2 items), clear goals (2 items), concentration (2 items), control (2 items), time 
(2 items), merging of action and awareness (2 items), and autotelic experience (3 items). In order 
to reduce the length of time spent on this task, given it need to be completed four times, the 
dimensions of loss of self-consciousness and unambiguous feedback were not assessed. For each 
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item, the participants provided a rating on a scale from 1 (completely disagree) to 5 (completely 
agree).  
Within each of the four conditions, this scale showed very good internal consistency, 
including for activities done alone for an agentic purpose (α = .870), activities with others for an 
agentic purpose (α = .884), activities done alone for a communal purpose (α = .865), and 
activities done with others for a communal purpose (α = .875). The INDCOL was presented as 
the last measure. The entire study required about 30 minutes to complete. 
Results  
The effects of purpose and context on activity characteristics (i.e., time since activity, 
vividness, boredom) and Flow were examined in a series of 4 (Age: Y, YM, M, O) x 2 (Purpose: 
agentic, communal) x 2 (Context: individual, social) repeated measures ANOVAs. Preliminary 
analyses did not indicate that effects varied with each bout of data collection, thus we report 
analyses across the three bouts of data collection. We also report analyses examining the 
relationships between individual differences and the Flow experience.  
Characteristics of Activities 
Time Since Activity. Given the very general instructions participants received to 
recollect activities, we assumed that any differences in the recency of the activity generated 
reflected their salience in memory (Janssen et al., 2011; Rubin & Umanath, 2015). Activities 
done for an agentic purpose were reported as more recent than those done for a communal 
purpose (MA = 14 days ago, SE = 1.04; MC = 20 days ago, SE = 1.103), F(1, 758) = 19.78,  p < 
.001. Similarly, individual activities were reported as more recent than social activities (MI = 14 
days ago, SE = .84; MS = 20.3 days ago, SE = 1.13), F(1, 758) = 24.15,  p < .001. These main 
effects were moderated in a purpose by context interaction, F(1, 758) = 7.52,  p = .006. Post hoc 
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t-tests showed that for activities done alone, agentic activities were more recent than communal 
activities (MA = 9, SE = 1.02; MC = 18, SE = 1.25), t(761) = -5.57, p < .001, but this difference 
was not significant for activities done socially (MI = 19, SE = 1.77; MS = 21, SE = 1.59), t(761) 
= -.99, p = .321. Thus, it appears that agentic activities done alone were more salient in memory 
than any other condition. 
The temporal distance of activity memories increased with age F(3, 758) = 6.75,  p < 
.001. Post hoc t-test showed that it was only the older group that differed from the younger three 
groups, ps < .001. Importantly, the effects of social context and purpose did not interact with age. 
Thus, solitary activity engagement done for an individual purpose appeared to be differentially 
salient in memory; even though older adults tended to generate memories of more distant 
activities, this pattern did not vary with age.  
Vividness of Activity Memory. The vividness ratings of activity memories increased 
with age, F(3, 766) = 18.99, p < .001. Post hoc t-tests showed that the oldest group rated their 
memories for activities as more vivid than the other three younger age groups, ps < .001, and the 
M group rated them as more vivid than the Y and YM groups, ps <.001. Neither of the main 
effects of purpose or social context reached significance, F< 1.93, but they produced a disordinal 
interaction, F(1, 765) = 8.55,  p = .004. When the activity was done for a communal purpose, 
vividness was greater when the activity was done in a social context relative to when it was done 
individually (MI = 4.24, SE = .04; MS = 4.38, SE = .03), t(769) = 3.91, p < .001, but when the 
activity was done for an agentic purpose, the effect of social context tended in the other direction 
(MI = 4.43, SE = .03; MS = 4.36, SE = .03), t(769) = 1.89, p = .059, suggesting that the memory 
of an activity was more vivid when the social context was aligned with its purpose.  
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Boredom with the Activity decreased with age, F(3, 763) = 24.38,  p < .001, with 
between all groups, p < .042. Agentic activities engendered lower levels of boredom relative to 
communal activities (MA = 1.91, SE = .04; MC = 2.21, SE = .04), F(1, 763) = 5.11,  p = .024. No 
other main effects or interactions reached significance.  
Recap. Collectively, these findings suggest that participants provided activities that were 
generally recent, showing compliance with the instructions of providing activities within the last 
six months. Across age there was a tendency for agentic activities to be reported as more recent 
and less boring relative to communal activities. Previous research suggests that agentic activities, 
are generally more interesting than communal activities (Ryan & Deci, 2000). This may have 
made such activities more salient or accessible in memory, thus accounting for the fact that 
agentic activities were reported as being more recent. Furthermore, a match effect was found in 
which agentic activities that were done alone appeared to be most salient in memory. 
Interestingly there was no age effects with these results suggesting that across age agentic 
activities were the most salient, particularly if done alone.  
Variation in Flow with Purpose and Social Context as a Function of Age 
 The older group reported experiencing higher levels of Flow overall than the younger 
groups, F(3, 765) = 17.59,  p < .001. Consistent with Csikszentmihalyi’s idea that Flow emerges 
from activities focused on mastery, Flow was greater for agentic compared to communal 
activities (MA = 4.10, SE = .02; MC = 3.94, SE = .02), F(1, 765) = 6.85,  p = .009. However, this 
effect of purpose was moderated by age, F(3, 765) = 3.28,  p =.020. As shown in Figure 2, for 
the three younger groups, there was an advantage for agentic activities in producing Flow, p < 
.001. But for the oldest group, communal activities produced higher flow than agentic activities, 
p = .014. As predicted based on SST, social motives were relatively more important for 
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engendering the Flow state with age. None of the other main effects or interactions reached 
significance. Most importantly, contrary to predictions. the age effect was not moderated by 
social context, F(3, 765) = .858,  p = .463.  
Individual Differences and the Flow Experience 
The results from the previous analysis showed an increase in overall Flow with age, as 
well as an advantage of agentic activities for producing Flow, which decreased with age. The 
goal of the current analysis was two-fold. First, it was to examine whether the increase in Flow 
was related to FTP, perhaps as a manifestation of positivity. Second, it was to examine whether 
the decrease in the agentic flow advantage with age was related to the age-related decrease in 
FTP and the relative age-related increase in communal values as a manifestation of emotional 
meaningfulness.  
To accomplish this, two indices were created. In order to explore the specific prediction 
from SST that this shift in social motives was attributable to a perceived foreshortening in the 
temporal horizon, the Agentic Flow Advantage (AFA) was estimated, collapsing across context, 
for each individual as (Fa – Fc)/Fc (M AFA = 0.06, SD = .16). Additionally, to explore the 
evidence for the prediction that the age difference in AFA was related to a shift towards 
emotionally meaningful goals and a corresponding shift in values, a collectivistic dominance 
(CD) variable was created. Given that the endorsement of collectivistic values (CV) was 
generally higher than individualistic values (IV) in our sample, we estimated collectivistic 
dominance (CD) for each individual as (CV – IV)/IV (M CD = .04, SD = .25). 
First, we were interested in whether the increase in intensity of the Flow state with age 
(cf. Tables 1 and 3) might reflect an age-related increase in positivity (Reed, Chan, & Mikels, 
2014) associated with a foreshortened temporal horizon. As seen in Table 3, FTP did reliably 
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decrease with age; however, overall Flow was positively correlated with FTP, the opposite of 
what would be expected if it were mediating the age-Flow relationship. The higher levels of 
Flow among those with a more expanded temporal horizon is more consistent with the 
interpretation of Flow as a driver for mastery pursuit in order to prepare for the future.  
Second, we explored the evidence for the prediction that the age difference in AFA was 
related to a shift towards emotionally meaningful goals and a corresponding shift in values. As 
implied by the age by purpose interaction, AFA decreased with age (cf. Table 3). FTP was 
unrelated to AFA, so the decrease in AFA with age cannot be explained in terms of a shift in 
social motives due to a foreshortened temporal horizon. Additionally, CD was negatively 
associated with AFA, consistent with the idea that the individual differences in values 
contributed to experiential engagement with different sorts of activities. As implied by the age by 
values interaction reported earlier, CD increased with age. This pattern is consistent with an age-
related shift towards communal values that engenders a decrease in AFA. Although, when 
controlling for CD, the correlation between age and AFA was significant, r = -.104, p = .024, and 
a formal mediation analysis (Hayes, 2017) showed CD did not significantly mediate the 
relationship between age and AFA, p = .413.  
Thus, we found that consistent with the Flow state being a mastery experience, there was 
an advantage for the intensity of Flow to be higher when done for agentic motives. But this 
advantage decreased with age, consistent with the shift to more emotionally meaningful goals. 
Furthermore, the intensity of the Flow experience was found to increase with age consistent with 
an age difference in socioemotional concerns. Though the overall results were consistent with 
our hypotheses, the proposed underlying constructs were either not correlated in the expected 
direction, FTP, or did not mediate the relationship, CD. 
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Discussion 
Consistent with Csikszentmihalyi’s (1990; Csikszentmihalyi, Abuhamdeh, & Nakamura, 
2005) idea that the Flow experience has evolutionary value in supporting activities geared 
towards mastery, Flow was stronger for activities with an agentic motive when compared to 
activities with a communal motive, termed here the Agentic Flow Advantage (AFA). Further, 
agentic activities were found to be more accessible in memory and less boring than communal 
activities. Importantly, the AFA was evident across age groups, except for the oldest group with 
Flow intensity becoming stronger with age. This suggests both a preservation of mastery 
motivation across the lifespan, as well as a tempering of this motive by social concerns.  
Additionally, Flow was found to increase with age which is consistent with the an age 
difference in socioemotional motives (Reed, Chan, & Mikels, 2014). Not only do older adults 
experience Flow, but they seem to experience a higher intensity Flow that younger adults. Thus, 
Flow may be an important tool in maintaining compensation for successful aging. While the 
increase of Flow with age is consistent with the aforementioned difference in motives, 
interestingly, participants with an expanded time horizon reported higher Flow intensity. This is 
the opposite of what would be expected if FTP was the mechanism behind an increase in the 
Flow state. Instead this may suggest that with more perceived time to develop skills and prepare 
for the future, people may experience higher intensity Flow states.  
Furthermore, for the oldest group there was a dominance of communal over agentic 
motives in the experience of Flow. This is consistent with the predictions of SST that with age 
people focus less on activities that are preparatory in nature, but rather on activities that bring 
them emotional satisfaction (Carstensen, 2006). Further, this motivational shift has been 
associated with closer social networks (Fung, Carstensen, & Lutz, 1999). Importantly, the social 
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context of the activity did not moderate age differences in the Flow experience. Therefore, the 
prediction of SST of an enhanced orientation to more social motives with age is found in the area 
of purpose, but not in social context.  
Specifically, the mechanisms underlying SST that would reduce the AFA with age are the 
foreshortening of the temporal horizon and the consequential shift from agentic to communal 
values. We found no evidence for a role of the foreshortening of the temporal horizon in the 
AFA. The correlational relationships with values were in the right direction, i.e., the effects of 
collectivistic dominance increased with age and decreased the AFA, but this was weak evidence 
given the mediation was not significant. While the reduced AFA with age is broadly consistent 
with SST, we were unable to specifically isolate the mechanisms underlying this effect. 
Limitations of the study include the use of an online sample. While MTurk has been 
increasingly used in psychological research (Buhrmester et al., 2011; Paolacci et al., 2010), 
participants on MTurk have been found to differ from representative samples of the United 
States (Huff & Tingley, 2015). Furthermore, participants provided retrospective ratings to 
activities that were not controlled in an experimental context. Therefore, purpose nor context 
could be manipulated, and the results were correlational. Additionally, agentic activities may 
have been more salient in memory, thus introducing some selection effects in the types of 
activities that were rated. While these are limitations, using an online sample and asking for 
retroactive reports provided a large sample across many different types of activities that could fit 
the 2 x 2 context by purpose requirements which can guide future research that can take 
advantage of an experimental context.  
This experiment provided an important foray into how the Flow experience relates to 
aging and motivational shifts related to socioemotional aging. Overall, the Flow state, consistent 
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with its roots in mastery, was stronger in intensity in agentic activities. But consistent with 
finding more emotional meaning in social relationships with age, the agentic advantage 
decreased with age. Furthermore, the Flow state was found to not only be preserved into later 
adulthood but be reported as more intense with age, consistent with the age difference in 
socioemotional motives. Thus, the Flow state may represent an important resource in promoting 
compensation that supports successful aging. While the results are in line with both a shift 
towards emotionally satisfying and meaningful goals, the proposed mechanism of future time 
perspective nor a shift towards communal values with age was found to underlie these changes. 
The next study was able to take advantage and build upon these findings by using an 
experimental context to manipulate social conditions in a common activity in order to provide 
further elucidation of the role of these potential mechanisms.  
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CHAPTER 3: EXPERIMENT 2: THE INFLUENCE OF SOCIAL CONDITION AND 
DIFFICULTY ON FLOW ACROSS THE LIFESPAN 
 The first experiment showed that the intensity of the Flow experience was highest when 
done in activities for an agentic purpose consistent with its origin to support the mastery of skills 
(Csikszentmihalyi et al., 2005). Furthermore, with age the intensity of the Flow experience 
increased thus demonstrating that the Flow state may be a factor supporting successful aging 
(Tse et al., 2019, Hess, 2014). This increase in the intensity of the Flow experience is consistent 
with the positivity effect bias towards positively valenced stimuli (Reed, Chan, & Mikels, 2014). 
Furthermore, with age the intensity of the Flow experience increased with a communal purpose 
which aligns with the shift towards goals that provide more emotional meaningfulness through 
social connections (Carstensen, 2006; Fung, Carstensen, & Lutz, 1999). While this is consistent 
with the theories of SST, the proposed mechanisms of FTP and values were not found to underlie 
these changes.  
The second experiment addressed certain limitations of the study by providing an 
experimental context. This allowed for participants to rate Flow directly after the assigned 
activity, providing an immediate gauge of their Flow experience. Furthermore, having 
participants come in with a close social partner, and work either with them on an activity or by 
themselves, allowed for the direct manipulation of the social condition that blended both social 
purpose and social context from above. An additional aim of this experiment was to examine 
whether age differences in the Flow experience depend on the difficulty level of the activity. A 
preference for lower difficulty level activities aligns with the hypothesis that older adults tend to 
select into these types of activities (Hess, 2014) due to the greater effort required to perform 
successfully in more difficult activities (Reuter-Lorenz & Cappell, 2008). Lastly, this study 
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explored the neural correlates of activity engagement during which Flow was measured as a 
function of age and social condition.  
Neural Correlates of Flow  
Dietrich (2004) postulates that the Flow experience may be related to two systems in the 
brain, an explicit system tied to conscious awareness and an implicit system tied to unconscious 
processes. Thus, the explicit system may be responsible for purposeful focus of attention that 
supports full concentration on the task and establishment of a clear set of goals. The implicit 
system may be related to other dimensions of Flow, such as the sense of the task unfolding on its 
own, a loss of self-consciousness, and the elastic perception of time. According to this view, an 
individual in the Flow state downregulates metacognitive and supervisory processes of the 
explicit system, which is governed by the dorsal frontoparietal network (Dietrich & Kanso, 
2010), while the implicit system associated with bottom-up processing allows for full procedure-
based engagement with the activity itself (Corbetta & Shulman, 2002; Fox, Corbetta, Snyder, 
Vincent, & Raichle, 2006; Vossel, Geng, & Fink, 2014). Furthermore, this dissociation between 
the dorsal and ventral system has shown that the dorsal system may be more important in the 
preparatory stages of an activity while the ventral is of greater importance during an activity 
(Luchicchi et al., 2016). This may be related to the model proposed by D’Esposito, Postle, 
Ballard, and Lease (1999) suggesting that the dorsolateral PFC is more related to the 
manipulation of information and the ventrolateral is more connected with the maintenance or an 
activity. Therefore the dorsal network may be thought of being connected to tonic alertness 
(Sadaghiani & D’Esposito, 2015), or the ability to produce and maintain attention on a task, and 
the ventral network being related to transient awareness, or responding to the shifting sensory 
elements of the task (Petersen & Posner, 2012).  
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Thus, it is this dissociation of the implicit and explicit systems that accounts for fluid task 
engagement in the Flow state coupled with the absence of higher order representations such as 
anxiety and outside distractions. Dietrich (2004) provides the example of driving a car. When 
one is learning to drive, many explicit systems are present, stating the rules of the roads and 
actively reminding oneself of the signs. But as one become more practiced and one’s skills are 
more able to meet the challenge of the activity, the implicit system becomes more engaged and 
the activity of driving can seem to unfold on its own, more resembling the Flow experience. 
Similarly, within an activity, such as working on a jigsaw puzzle, one may start solving the 
puzzle by following rules such as putting the corner pieces together, which would use more of 
the explicit system. But as one becomes more absorbed into the puzzle, and is thinking less about 
the rules, the implicit system may become more involved.   
At this time the literature regarding the neural correlates of Flow is in its early stages and 
has not provided a clear answer about which activation patterns signify the Flow experience. 
Katahira et al. (2018) found increased activation across the frontal regions during the Flow 
experience. To induce Flow, Katahira et al. (2018) asked participants to mentally sum numbers 
and enter the results via a keyboard. They used an electroencephalogram (EEG) to measure brain 
activity, under the assumption that differences in activity would be found between different 
levels of difficulty. The different difficulty levels included a boredom condition that was 
designed to provide items that would be lower in challenge relative to the participants’ skill 
level, a Flow condition where the items’ challenge match the participants’ skill level, and an 
overload condition that provided items that were higher in challenge than the participants’ skill 
level. After each condition, the participants completed a questionnaire designed to measure the 
intensity of the Flow and different dimensions of Flow including the skill-challenge balance. The 
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results showed that increased theta waves in the frontal regions, thought to be correlated with 
cognitive control and concentration were higher in the Flow and overload conditions compared 
to the boredom condition. Furthermore, alpha levels in the frontal and central areas, thought to 
reflect load on working memory, were highest in the overload condition and lowest in the 
boredom condition. Additionally, an increase in intensity of the Flow state as measured by the 
subjective ratings of the participants was generally related to an increase in theta and alpha 
rhythms. Though, the Flow state was not reported highest in the Flow condition which may be 
suggestive that the Flow condition did not produce the higher overall Flow. In sum, the authors 
concluded that during the Flow and overload conditions, there are higher levels of concentration 
when compared to the boredom condition. But, the lower level of the load on working memory 
in the Flow condition compared to the overload condition may be reflective of the feeling of 
immersion during the Flow state.  
Using functional magnetic resonance imaging (fMRI) to measure brain activity and Flow, 
Klasen, Weber, Kircher, Mathiak, and Mathiak (2012) found that while participants were playing 
a first-person shooter video game, the Flow experience, measured as when the skill-challenge 
balance was met, was related to increased activity in midbrain reward structures, sensorimotor, 
cognitive, and emotional brain circuits. In another study, brain activity was measured while 
participants were completing mental arithmetic problems in boredom, Flow, and challenge 
conditions (Ulrich et al., 2016; Ulrich, Keller, Hoenig, Waller, & Gron, 2014). Increases in the 
Flow experience were found to be associated with increases in activity in the left anterior inferior 
frontal gyrus, the left putamen, basal ganglia, and midbrain. Ulrich et al. (2016) interpreted these 
results as Flow being related to the “Multiple Domain” network that breaks up cognitive tasks 
into smaller sub-parts that can be processed independently. With regards to the explicit-implicit 
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systems, decreases during the Flow experience found in the medial prefrontal cortex, posterior 
cingulate cortex, and the amygdala were thought to be in relation to the decrease in “self-
referential” processing which may be more associated with the explicit system (Ulrich et al., 
2016). This could be representative of the implicit system becoming more active than the explicit 
system during the Flow experience. Potential limitations of using fMRI to study the Flow 
experience are that the MRI scanner that is required for the technique restricts movement, may 
invoke feelings of claustrophobia, and produces noise when operating (Scarapicchia, Brown, 
Mayo, & Gawryluk, 2017). These limitations may distract or disrupt participants when they are 
engaging in the activity which could impact the results. 
Another method of measuring brain activity that may address the limitations found when 
using fMRI is functional near-infrared spectroscopy (fNIRS) which measures cortical 
oxygenated hemoglobin (HbO2) in the brain. fNIRS can account for motion artifacts and takes 
continuous recordings of hemodynamic responses in the prefrontal cortex (PFC) (Hernandez et. 
al., 2016; Scarapicchia, et. al., 2017). This benefits studies involving Flow over other methods of 
measuring brain activity since participants can engage in more naturalistic movements. In one 
study, self-report measures of Flow were highly correlated with the frontal area (de Sampaio 
Barros et al., 2018). While playing the videogames Tetris and Pong, participants reported 
stronger Flow experiences in an optimal condition compared to an easy or hard condition. The 
average level of HbO2 concentration across the PFC was higher in the optimal and difficult 
conditions, compared to the easy condition. Further, the lateral areas of the PFC, were more 
highly activated in the optimal and difficult condition than other areas of the PFC suggesting that 
participants were highly engaged during these conditions. These results are similar to another 
experiment using Tetris and fNIRS that used boredom and matched skill-challenge conditions 
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(Yoshida et al., 2014). During the matched skill-challenge condition, HbO2 was higher in the 
right and left ventrolateral PFC than it was during the boredom condition. Thus, studies have 
found that the PFC is associated with Flow, but more research needs to be done to find if either 
the dorsal or ventral system is more integral in producing Flow.   
Cognitive Neuroscience of Aging 
Given the potential importance of the PFC in the experience of Flow, how does neural 
activity in this area shift with difficulty as a function of age? One age-related pattern in brain 
activity that may reflect compensatory strategies in response to these changes is the hemispheric 
asymmetry reduction in older adults (HAROLD) which has been found in perception, attention, 
working memory, episodic memory encoding and retrieval, and inhibitory control (Cabeza, 
2002; Dennis & Cabeza, 2008). In younger adults, cognitive functions tend to be localized in 
either hemisphere, such as episodic memory encoding or retrieval in the left hemisphere 
(Cabeza, 2002). Older adults may employ more regions in both hemispheres in relation to a 
decrease in some areas of activity in the PFC such as dorsal and lateral regions (Mather, 2012), 
thus reducing hemispheric asymmetry. Additionally, there is a general pattern of a posterior-
anterior shift in aging (PASA; Davis, Dennis, Daselaar, Fleck, & Cabeza, 2008; Dennis & 
Cabeza, 2008) which is seen in an increase in PFC activity and decrease in occipital activity (St 
Jacques, Dolcos, & Cabeza, 2010). Thus, with the decrease of activity in the occipital lobe, older 
adults may employ top-down strategies that involves the PFC to compensate. Both patterns 
suggest that with declines in brain function, other areas of the brain may become more active to 





The goal of the current study was to examine age differences in the Flow experience 
under conditions in which both task difficulty and social purpose could be manipulated. fNIRS 
was used to explore the neural correlates of Flow. Specifically, its relation to the dorsal and 
ventral frontoparietal network, particularly given that the ventral region is hypothesized to be 
related to Flow given its association with bottom-up processing allowing for full procedure-
based engagement with the activity itself. Further, a secondary analysis was conducted to 
examine whether activation differed in dorsal or ventral systems within the first or second half of 
the activity to see if top-down processing associated with the dorsal, or bottom-up processing, 
associated with the ventral area would be related to neural activation levels. fNIRS was used 
rather than other imaging techniques given its advantages in naturalistic activities. 
Younger and older adults from the Champaign-Urbana community were recruited to 
engage in a laboratory-based jigsaw puzzle task designed to promote the Flow experience. The 
jigsaw puzzle task was selected because it is a common leisure activity among both younger and 
older adults (Watson, 2020; Cole, 2020) and one in which difficulty level can be manipulated in 
a straightforward fashion. Furthermore, it is a leisure activity that can be done individually or as 
a shared experience that merges both social purpose and social context (Garcia, 2013). 
Participants were asked to come in with a partner within the same age group and with whom they 
had a prior relationship. Participants completed jigsaw puzzles alone and with a partner in a 
within-subjects design. Puzzle complexity was manipulated as the number of puzzle pieces.  
Hypotheses were that 1) older adults, relative to younger adults, would report stronger 
Flow in the social condition rather than in the individual condition, and 2) older adults, relative 
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to younger adults, would report stronger Flow in the low-challenge activities rather than in the 
more challenging activities. 
Exploratory hypotheses regarding the neural correlates of Flow were 3) given the 
theoretical proposition that Flow involves implicit processes, higher Flow scores would be 
related to increases in the activation of the ventral frontoparietal network, 4) older adults, 
compared with younger adults, would show higher overall levels of activation in the social 
condition rather than the individual condition, and 5) older adults, compared to younger adults, 
would show higher overall levels of activation in the low-challenge activities rather than in the 
more challenging activities. 
Key dependent variables were ratings of the Flow experience in each condition and HbO2 
levels representing brain activity measured with fNIRS. HbO2 was used a dependent variable 
given its established reliability in its relationship with cortical activation (Chaparro et al., 2017) 
and its use in previous studies examining Flow and cortical activation (de Sampaio Barros et al., 
2018; Yoshida et al., 2014). Given the laboratory setting of this experiment, the sample in this 
study was much smaller and thus not well powered to examine the influence of individual 
differences. Data on individual differences was collected to characterize the sample and provide 
exploratory analyses. As in the first study, a measure for FTP was included (Lang & Carstensen, 
2002), as were measures for collectivistic and individualistic values (Singelis, Triandis, Bhawuk, 
& Gelfand, 1995; Triandis & Gelfand, 1998) and a measure of personality traits (Lachman & 
Weaver, 1997). To characterize the relationships between participants, the closeness of their 
relationship was measured (Berscheid, Snyder, & Omoto, 1989; Dibble, Levine, & Park, 2012). 
Furthermore, the feelings of individual and collective efficacy (Salanova, Llorens, Cifre, 
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Martínez, & Schaufeli, 2003) were collected before and after participants completed the jigsaw 
puzzles. Participants also completed a cognitive battery. 
Method 
Participants 
Older adult participants (O, n = 38, 61 – 88 years of age) were recruited from the 
Champaign-Urbana area using the I-HELP database which is a part of the CLEAR initiative at 
the Beckman Institute at University of Illinois at Urbana-Champaign (UIUC), and younger adult 
participants (Y, n = 34, 19 – 30 years of age) were undergraduates recruited from UIUC.  
The sample size was determined by a power analysis using G*Power (Faul, Erdfelder, 
Lang, & Buchner, 2007). With a sample size of at least 34 per age group, the study was powered 
to detect at least a small effect size of f = .15 (Cohen, 1988) with an alpha = .05 and a power = 
.80, assuming two groups and four measurements, a correlation of repeated measure of .5 and no 
non-sphericity correction. Due to limitations in the availability of equipment, one member of 
each couple was randomly assigned for the collection of the fNIRS data. Thus, for the imaging 
data, with a sample size of 16 per age group, the study was powered to detect a small effect size 
of Cohen’s f = 0.225 (Cohen, 1988) with an alpha = .05 and a power = .80 assuming two groups 
and four measurements, a correlation of repeated measure of .5 and no non-sphericity correction.  
Participants are characterized in Table 4, in which data are broken out by age group. The 
O group had a higher proportion of women than the Y group, χ2 (1, N = 72) = 4.32, p = .038. The 
O group had a higher level of education when compared to the Y group, t(67) = -3.16,  p = .002. 
The Y group had a higher proportion of people of minority status than the O group, χ 2 (1, N = 
72) = 11.87, p = .018. No significant difference was found in the proportion of pairs that 
characterized themselves as friends versus family or intimate other, χ2 (1, N = 72) = 2.01, p = 
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.157. The length of relationship was longer for the O compared to the Y group, t(41) = -6.70, p < 
.001. Relationship closeness, however, did not differ between the groups, t(67) = .92, p = .363.  
As in the first study, the O group had lower FTP scores when compared with the Y 
group, t(70) = 4.42,  p < .001. Across all participants, collectivism was more highly endorsed 
than individualism, F(1, 70) = 12.73,  p < .001. However, unlike in the first study, this effect did 
not interact with age, F(1, 70) = 0.86,  p = .356. The two groups showed no significant difference 
in general self-efficacy, t(70) = .547,  p = .586, or perception of memory capacity, t(69) = .779,  
p = .438.  
The Y group had a higher fluid composite score than the O group, t(62) = 12.42,  p < 
.001. The two groups did not differ significantly with regards to the crystallized composite score, 
t(67) = .725,  p = .471. This pattern is consistent with the literature (e.g., Heaton et al., 2014).  
Participants who were assigned to have imaging data collected were representative of the 
overall sample in terms of characteristics and differences between age groups3. Participants who 
performed the task with the fNIRS equipment and those who did not showed no difference in 
Flow ratings, t(68) = .20,  p = .846, suggesting that wearing the fNIRS equipment did not disrupt 
the intensity of the Flow state. 
Measures 
The assessments were administered using the Qualtrics application on an iPad, except for 
the NIH Toolbox which used its own application. The FTP Scale (α = .794), INDCOL, and MIDI 
from the first study were used in addition to the measures below. 
For Relationship Type, eight options were provided to the participants. But since many 
categories were endorsed by either none or less than two participants, the eight options were 
combined in two categories for analysis. Casual and close friend were placed in the friend 
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category and aunt/uncle, sister/brother, dating: date only this person, dating: date this person and 
others, living together, and married were placed in the family/intimate relationship category. 
The Unidimensional Relationship Closeness Scale (URCS, Dibble, Levine, & Park, 
2012) was used to measure the closeness of the relationship between participants. For 12 items, 
each participant was asked to think about their relationship with their partner and rate each item 
on a scale from 1 (strongly disagree) to 7 (strongly agree). Examples of items include “My 
(partner) is a priority in my life” and “My (partner) and I have a strong connection.” The scale 
demonstrated excellent internal reliability (α = .968). 
The Generalized Self-Efficacy Scale (Schwarzer, 1999) was used to measure the 
participants perceived ability to generally complete tasks. Examples of the ten items include “I 
can always solve difficult problems if I try hard enough” and “It is easy for me to stick to my 
aims and accomplish my goals.” Each item was rated on a scale from 1 (Not at all true) to 4 
(Exactly true). The scale demonstrated excellent internal reliability (α = .829). 
A perceived memory capacity scale, from the Metamemory in Adulthood 
Questionnaire (Dixon, Hultsch, & Hertzog, 1988) was included to measure participants’ view of 
their own memory capacities. Examples of the 17 items include “I am good at remembering 
birthdates” and “I am poor at remembering trivia.” Each item was rated on a scale from 1 
(disagree strongly) to 5 (strongly agree). The scale demonstrated good internal consistency (α = 
.731). 
Fluid and crystallized abilities were assessed with the core cognitive battery from the 
NIH Toolbox (Weintraub et al., 2013). This battery is designed for use with individuals from 3 to 
85 years of age and within a 30-minute period. Test-retest reliability was measured using 
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intraclass correlations. The core NIH Toolbox cognitive battery demonstrated strong reliability 
for use for all ages ranging from .78 to .99 (Weintraub et al., 2013). 
The NIH Toolbox contains two tests to assess crystalized abilities, the Picture 
Vocabulary and Oral Reading recognition tests, both administered by computer adaptive testing 
(CAT) in order to efficiently find the participant’s performance level. In the Picture Vocabulary 
test, used to assess language abilities, for each item a word was heard via an audio file. Then the 
participant selected one picture out of four pictures presented on the screen that matched the 
word. In the Oral Reading Recognition test, also used to assess language abilities, letters and 
words, depending on the participants performance level, were presented on screen and 
participants were asked to read them aloud. Once the examiner recorded the response, the next 
item was presented.  
 The NIH Toolbox contains five tests that cover the area of fluid abilities, the Flanker 
Inhibitory Control and Attention, List Sorting Working Memory, Dimensional Change Card Sort, 
Pattern Comparison Processing Speed, and Picture Sequence Memory tests. In the Flanker 
Inhibitory Control and Attention test, used to assess executive functioning and attention, 
participants indicate the direction of a central arrow that is in the middle of two other arrows. 
The score was derived from the accuracy and the reaction time of the participant. List Sorting 
Working Memory test, used to evaluate working memory, had participants repeat the order in 
terms of size of a series of stimuli presented both visually and orally. In the first condition, all the 
stimuli were from one category while in the second condition, the stimuli were from two 
categories. In the second condition, participants were asked to repeat in order of size from one 
category and then again in order of size from the other category. In the Dimensional Change 
Card Sort test, used to assess the set-shifting component of executive functioning, participants 
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were tasked with matching a visual stimulus to one of two choices based on either shape or color. 
Similar to the Flanker Inhibitory Control and Attention test, the score was derived from the 
accuracy and the reaction time of the participant. The Pattern Comparison Processing Speed 
test, which evaluates processing speed, asked participants to indicate whether two visual patterns 
are identical or not by selecting on the screen “yes” or “no.” In Picture Sequence Memory test, 
used to assess episodic memory, participants are presented with pictured objects and activities 
(e.g., planting a tomato) that have no inherent order. For each of the three trials, the pictures in 
the middle of the screen were then placed in an order. Once all pictures have been placed in 
order, they were then returned to the middle of the screen. Then, participants were asked to place 
the pictures in the order they were presented to them. The score was based on the cumulative 
number of adjacent pairs of pictures remembered correctly across three trials.  
All scores were standardized scores that are uncorrected for age. Composite scores 
representing performance across the crystallized and fluid areas and total performance were 
calculated by the NIH Toolbox software.  
Flow was assessed as in the first study with the shortened version of the AFSS (Payne et 
al., 2011), consisting of 15 items equally applicable to physical and cognitive tasks. The AFSS 
demonstrated great internal consistency in all conditions (α > .813).  
The Generalized Self-Efficacy Scale (Schwarzer, 1999) was modified to evaluate 
situational individual and collective efficacy (Salanova et al., 2003; Salanova et al., 2014), 
which is the perceived efficacy of the individual and team, respectively. Participants rated four 
items on a scale of 1 (never) to 5 (most of the time) for each scale. Examples for individual 
efficacy include “I will be able to solve the complex puzzles if I invest the necessary effort,” and 
“I am totally competent to solve the task.” Examples for collective efficacy include “My team 
46 
will be able to solve the complex puzzles if we invest the necessary effort,” and “My team is 
totally competent to solve the task.” Both pre and post and individual and collective conditions 
all demonstrated very good internal consistency (α > .874). 
Neuroimaging 
The fNIRS Imager 1000 (fNIRS Devices, LLC, Potomac, MD) was used to monitor the 
changes in hemodynamic activity in the PFC during the puzzle tasks. As in Hernandez et al. 
(2016), the fNIRS system included a light and flexible sensor. During the task, this sensor was 
placed on the participants forehead such that the vertical axis of the sensor was between the eyes 
and the bottom of the sensor just above the eyebrows. A control box for data acquisition and a 
computer for data collection and storage were also used. The sensor measures 16 channels, as 
seen in Figure 3, and contains 10 photodetectors, each a monolithic photodiode with a single 
supply transimpedance amplifier, 2.5 cm source-detector separation distance, and a 2 Hz 
sampling rate. Additionally, the sensor had four light sources that each contained three built-in 
LEDs with peak wavelengths at 730, 805, and 850 and an outer diameter of 9.2 ± 0.2 mm, for the 
casing used for the light sources. The lighting in the room that contained the fNIRS system was 
controlled to provide a mean illumination of the forehead of approximately 150 lx, or one-third 
of typical office lighting, to replicate the prior testing environment found in Hernandez et. al. 
(2016). 
Materials 
Ten pictures of visually interesting, and distinctive nature scenes were selected from 
https://www.chesapeakebay.net/discover/photos for the construction of the jigsaw puzzles, which 
were professionally made. Eight of the pictures were used to create 16 puzzles, all 11.8” x 16.9”. 
For each picture, one was constructed with 15 pieces for the easy condition, and one was 
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constructed with 25 pieces for the difficult condition. This allowed for counterbalancing of 
materials across difficulty condition. The remaining two pictures were made into 15-piece 
puzzles for the easy set to equate task time, as detailed below. 
Design 
 The study used a 2 (Age Group: Young, Old) x 2 (Puzzle Difficulty: Easy, Difficult) x 2 
(Social Condition: Alone, Paired) design in which Puzzle Difficulty and Social Condition were 
manipulated within subject. The alone and paired conditions were presented in blocks so that the 
participants completed the easy and difficult puzzles together within each social condition block. 
The materials were counterbalanced across experimental condition in a Latin-square design, so 
that across the experiment each set of puzzles appeared in each experimental condition. The 
order of puzzle difficulty was counterbalanced across blocks, and the order of the blocks was 
counterbalanced across participants, so that the alone and paired conditions occurred equally 
often as the first and second block. This created 16 unique conditions (2 x 2 x 2 x 2 to 
counterbalance materials and difficulty across social condition, and order and social condition 
across participants). Participants were assigned to these 16 conditions using block 
randomization.  
Procedure 
The entire protocol required approximately two hours. The lab space consisted of two 
rooms, Room A and Room B that were separate so that both participants in the pair could be 
simultaneously tested by two experimenters without distracting each other. Room A, the main 
lab space, contained the fNIRS imaging machine. Because the fNIRS equipment is only capable 
of single-participant testing, one of the participants was randomly assigned to having fNIRS data 
collected. 
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Once both participants arrived, the experimenters reviewed the informed consent with the 
participants. After the participants signed the informed consent, the participant assigned to be 
measured for fNIRS remained in Room A, while the other participant was escorted to Room B. 
The experimenters then collected the demographic information, and administered the URCS, 
Generalized Self-Efficacy Scale, and perception of memory capacity scales using iPads running 
the Qualtrics application. 
The participant assigned to fNIRS remained in Room A throughout the experiment. This 
was done to reduce the need for continued calibration given that the fNIRS machine needs to be 
within a three-foot radius of the participant. The sensor was placed around the participant’s 
forehead. Once the band was in place, the initial calibration, which entailed controlling for light 
intensity, was performed by 1) controlling for ambient lighting in the room, (e.g., limiting the 
amount of sunlight in the room) 2) ensuring a smooth signal by reducing motion artifacts, and 3) 
assessing that the signals are above “dark noise” levels created by the brain’s normal activity. 
This calibration process was completed in approximately five minutes. Furthermore, before each 
trial this participant was asked to count forward to themselves from one to ten in order to create a 
baseline. This 10-second baseline was used as a comparison point for the fNIRS data that were 
collected during each trial. 
The fNIRS data was acquired from the COBI software. It was then processed and 
analyzed using the MATLAB R2014a. The next step required the raw data to be inspected 
visually for excessive noise, saturation or dark current conditions. The raw data was then filtered 
using a low pass filter with a cut-off frequency at 0.14 Hz in order to remove physiological 
effects and any additional noise. To calculate HbO2, the modified Beer-Lambert law was used 
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for each of the 16 channels. Then, spatiotemporal data from the CueFors 2 software were 
exported to MATLAB R2014a. To process the data, custom MATLAB scripts were used.  
Participants engaged for about 15 minutes of activity in each of the four (2 social x 2 
difficulty) conditions. In the core design, there were two puzzles per condition with complete 
counterbalancing of materials across conditions. Pilot data suggested that the easy puzzles (with 
15 pieces) typically required 3 to 5 minutes to complete and the difficult puzzles (with 25 pieces) 
required 5 to 7 minutes to complete. In order to equalize the time spent across difficulty 
conditions, “buffer puzzles” were created that could be used in the easy condition. The same 
puzzles were used in the first and second blocks. This buffer puzzle was needed about 79% of 
the time and did not differ between younger and older participants, χ2 (4, N =140) = 9.28 p = 
.054. If participants did not complete all of the puzzles after 15 minutes, the set ended once the 
participant completed the next puzzle, though the period was slightly adjusted so as to avoid 
disturbing the participant in the middle of the activity. After each set, the experimenters 
administered the AFSS (Payne et al., 2011). Additionally, after each social condition the 
participants completed the corresponding efficacy measure, individual for the alone condition 
and collective for the paired condition.  
Once this first block was completed, the fNIRS band was taken off the participant. This 
provided a break from wearing the fNIRS sensor. The participants then completed the FTP Scale 
(Lang & Carstensen, 2002), INDCOL (Singelis et al., 1995; Triandis & Gelfand, 1998), and 
MIDI (Lachman & Weaver, 1997). These measures were completed in under 20 minutes. Once 
the measures were completed and the participants were ready to complete the second block, the 
fNIRS band was then placed back on the assigned participant. The second block of puzzles was 
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then administered in the manner described above. After the puzzle task was completed, both 
participants were administered the battery of cognitive tests in separate rooms.  
Results 
Preliminary analysis included education level as a covariate to control for age differences 
in this background variable, which might impact the Flow state. Education level had no 
significant effect on any variable of interest, nor did it interact with any variable of interest, Fs < 
1. Therefore, education was not included in the reported analyses. Preliminary analyses also 
showed that the counterbalancing order for social condition interacted with a variable of interest, 
but that difficulty condition order did not. Therefore, the former variable was retained in the 
analysis, but the latter was not. Thus, an analysis based on a 2 (Order of Social Condition: Alone 
first vs. Paired first) x 2 (Age: Y vs. O) x 2 (Social Condition: Alone vs. Paired) x 2 (Puzzle 
Difficulty: Easy vs. Difficult) repeated measures ANOVA is presented below. 
The main effects of social condition, F(1, 66) = .001,  p = .978, and puzzle difficulty, 
F(1, 66) = 2.80,  p = .099, were not significant, nor were their interactions, Fs < 2.32. 
Importantly, the agentic flow advantage (AFA) from the first study was not replicated overall 
(MA = 4.25, SE = 0.06; MP = 4.25, SE = 0.05), F(1, 66) = .001,  p = .978, nor within Y (MA = 
4.07, SE = 0.08; MP = 4.10, SE = 0.07) or O (MA = 4.43, SE = 0.08; MP = 4.41, SE = 0.07), F(1, 
66) = .55,  p = .462. 
The main effect of age was significant, such that the older group experienced higher 
levels of Flow than the younger group (MY = 4.09, SE = 0.07; MO = 4.42, SE = 0.07), F(1, 66) = 
10.86,  p = .002. However, this age difference depended on the order of social condition, F(1, 66) 
= 4.67,  p = .034, That is, age differences in Flow depended on whether participants engaged in 
the social condition during the first or second block. As seen in Figure 4, there was no order 
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effect for younger adults, t(32) = .954,  p = .347, but for older adults, Flow was higher when they 
began with the paired condition compared with beginning with the alone condition, t(34) = -2.05,  
p = .048. In other words, older adults showed higher levels of Flow than the young when their 
first experience with the activity was in the social condition, t(32) = -4.54,  p < .001, but the age 
differences was not significant when participants’ first engaged in the activity alone, t(34) = -.72,  
p = .477.  
To probe whether this was an effect that was specific to the first block or carried through 
the whole experiment, the interaction between age and social context was examined within each 
block (see Figure 5). In the first block (upper panel), the Social Condition by Age interaction 
approached significance, F(1, 69) = 3.46,  p = .067. Older adults achieved a more intense Flow 
state than the young when engaged with a partner, t(32) = -4.77,  p < .001, while the age 
difference in the alone condition was not significant, t(34) = -.97,  p = .339. However, the effect 
of social condition did not reach significance for the older adults, t(34) = -1.70,  p = .098, or the 
younger adults, t(32) = .86,  p = .398. In the second block (lower panel), the interaction was 
significant, F(1, 68) = 4.25,  p = .043. The Flow state was stronger for older adults than for 
younger adults when they were in the alone condition, t(32) = -3.91,  p < .001, while the age 
difference in the paired condition was not significant, t(35) = -.62,  p = .537. However, similar to 
the first block, the effect of social condition only trended toward significance in the older group, 
t(36) = -2.00,  p = .053, and was not significant in the younger group, t(32) = .96,  p = .347.  
Even though the Flow state was not differentially enhanced in the social condition among 
older adults as predicted, it appeared that older adults may have been more sensitive to the social 
condition in the first block, and that once the Flow state was achieved it was more likely to occur 
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with the activity conducted alone in the second block. Interestingly, difficulty level was found to 
not have any impact on the Flow experience, including the hypothesized interaction with age.  
fNIRS 
The effects of social condition and puzzle difficulty on HbO2 were examined in a 2 
(Social Condition: Alone vs. Paired) x 2 (Puzzle Difficulty: Easy vs. Difficult) x 2 (Brain 
Region: Dorsal vs. Ventral) x 2 (Hemisphere: Right vs. Left) x 2 (Age: Y vs. O) repeated 
measures ANOVA. The effect of social condition was significant, F(1, 15) = 10.04, p = .006, 
such that activation was greater in the alone than in the paired condition (MA = 1.17,  SE = .25; 
MP = .51, SE = .22). There was an interaction between difficulty and age group, F(1, 15) = 6.54, 
p = .022. As shown in Figure 6, Y had greater activation in the difficult condition compared to 
the easy condition, t(10) = 3.29, p = .008, and for O there was no difference between conditions, 
t(6) = 1.33, p = .231. Furthermore, the interaction between brain region and hemisphere shown in 
Figure 7 was significant, F(1, 15) = 7.52, p = .015. While post-hoc t-tests did not reveal any 
significant differences, ps > .315, the patterns suggested differential activation in the left ventral 
prefrontal cortex compared to all other areas. Lastly, the five-way interaction age group, social 
condition, difficulty, brain region, and hemisphere approached significance, F(1, 15) = 4.50, p = 
.051. To parse this five-way interaction, two 2 (Social Condition: Alone vs. Paired) x 2 (Puzzle 
Difficulty: Easy vs. Difficult) x 2 (Brain Region: Dorsal vs. Ventral) x 2 (Age: Y vs. O) 
ANOVAs were conducted for separate analyses of HbO2 in the right and left hemispheres.  
In the right hemisphere, as seen in Figure 8, social condition was significant, F(1, 15) = 
6.04, p = .027, such that participants showed greater activation when alone than paired. As in the 
omnibus analysis, there was an interaction between difficulty and age group F(1, 15) = 8.59, p = 
.010. As seen in Figure 9, post-hoc t tests showed Y had greater activation in the difficult 
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condition compared to the easy condition, t(10) = -3.51, p = .006, and for O there was no 
difference between conditions, t(7) = .02, p = .986. The effects were moderated in a significant 
four-way interaction among age group, social condition, difficulty, and brain region (further 
considered below), F(1, 15) = 5.97, p = .027. In the left hemisphere, only social condition was 
significant, F(1, 15) = 9.50, p = .008. As shown in Figure 8 alone, as in the right hemisphere, 
again demonstrated greater activation than paired. Overall, the increase in activation in the alone 
condition compared to the paired condition was evident in both hemispheres.  
To decompose the four-way interaction found within the right hemisphere a 2 (Social 
Condition: Alone vs. Paired) x 2 (Puzzle Difficulty: Easy vs. Difficult) x 2 (Brain Region: Dorsal 
vs. Ventral) ANOVA was conducted within each age group. For Y, there was a main effect of 
social condition F(1, 10) = 6.13, p = .033, with alone again producing greater activation than 
paired (MA = 1.47,  SE = .33; MP = .56, SE = .25), and a main effect of difficulty, F(1, 10) = 
12.13, p = .006, with greater activation in the difficult than the easy condition (ME = .47, SE = 
.19; MP = 1.57, SE = .34). For O, the three-way interaction among social condition, difficulty, 
and brain region trended towards significance F(1, 15) = 4.96, p = .076. Figure 10 shows that in 
the dorsal region (upper panel), within the easy condition, activation is greatest when alone 
compared to the paired condition, t(5) = 2.90, p = .034. Post-hoc t-tests demonstrated no 
significant differences between conditions, ps > .137 within the ventral region (lower panel). 
Collectively, the five-way interaction showed that (a) individual activity engagement enhanced 
neural recruitment in the left hemisphere regardless of age, and that (b) the effect of difficulty 
was localized to the right hemisphere, but depended on age and social condition: in the right 
hemisphere, younger adults showed increased activation for the more difficult task regardless of 
social condition, while older adults showed more recruitment for the easy task when alone.   
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Additionally, a secondary analysis was done in order to explore the differences in within-
subject levels of activation in the dorsal and ventral regions during the first and second half of 
the activity. A 2 (Social Condition: Alone vs. Paired) x 2 (Brain Region: Dorsal vs. Ventral) x 2 
(Time Period: First Half, Second Half) and a 2 (Difficulty Condition: Easy vs. Difficult) x 2 
(Brain Region: Dorsal vs. Ventral) x 2 (Time Period: First Half, Second Half) repeated measures 
ANOVAs were conducted. Since the exact time period varied between participant, the time 
period was calculated within subject. Furthermore, the ANOVAs were conducted within each 
age group, in order to better understand within-subject effects by age.  
 Within younger adults, for difficulty, there was main effect for difficulty, (ME = .66, SE = 
0.20; MD = 1.49, SE = 0.30), F(1, 10) = 8.71,  p = .015, such that activation was greater in the 
difficult compared to the easy condition. In addition, activation was significantly greater in the 
alone compared to the paired condition (MA = 1.47, SE = 0.27; MP = .70, SE = 0.21), F(1, 10) = 
11.50,  p = .007. Furthermore, there was an interaction between brain region and time period, 
F(1, 10) = 7.78,  p = .019. Although post hoc t-tests demonstrated no differences, ps > .122, as 
seen in Figure 11, it appears that activation in the ventral area is higher in the second when 
compared to the first period. Within older adults, there was main effect for time, (MFH = .41, SE 
= 0.32; MSH = .70, SE = 0.36), F(1, 6) = 12.48,  p = .012, such that activation was greater in the 
second period than compared to the first. No further effects or interactions were significant. 
To examine the relationship between Flow and activation level, correlations between 
HbO2 and overall Flow, and Flow within the 2 x 2 conditions of social condition and difficulty 
were measured. Between these variables, no correlations were found to be significant, ps > .128.  
In order to further explore the proposed relationship between Flow and HbO2, an analysis 
was conducted to see whether Flow and HbO2 shared a similar pattern across these conditions 
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and thus may be related in some capacity. Thus, the same analysis that was done with Flow 
above, a 2 (Order of Social Condition: Alone first vs. Paired first) x 2 (Age: Y vs. O) x 2 (Social 
Condition: Alone vs. Paired) x 2 (Puzzle Difficulty: Easy vs. Difficult) repeated measures 
ANOVA, was conducted with HbO2. In the above analysis, there was no main effect for social 
condition or difficulty level for Flow. But it appeared that older adults may have been more 
sensitive to the social condition in the first block, and that once the Flow state was achieved it 
was more likely to occur with the activity conducted alone in the second block. Thus, if Flow 
and HbO2 were related, results from the HbO2 analysis that corresponds to the above would be 
expected.  
The results using HbO2 patterned the same as the previous analyses with HbO2. There 
was a main effect for social condition, (MA = 1.22, SE = 0.27; MP = .62, SE = 0.24), F(1, 13) = 
7.37,  p = .018, such that the alone condition produced greater activation than the paired 
condition. Further, there was an interaction between difficulty and age, F(1, 13) = 6.96,  p = 
.020, in which younger adults appeared to have higher activation in the difficult level (ME = 
.685, SE = 0.28; MD = 1.58, SE = 0.31) and older adults showed no difference (ME = .86, SE = 
0.41; MD = .55, SE = 0.44), Thus, in addition to the lack of correlation between Flow and HbO2, 
it appears they do not share a discernable pattern within the social and difficulty conditions that 
would reflect a significant relationship. 
Perceived Task-Related Efficacy 
The effects of time of measurement and social condition on perceived self-efficacy were 
examined in a 2 (Age: Y vs. O) x 2 (Time of Measurement: Pre vs. Post) x 2 (Social Condition: 
Self vs. Collective) repeated measures ANOVA. Across both groups, participants reported 
greater self-efficacy after completing the puzzles (MPRE = 4.08, SE = .08; MPOST = 4.71, SE = 
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.06), F(1, 68) = 60.12,  p < .001. Additionally, participants reported greater collective-efficacy 
than self-efficacy (MS = 4.30, SE = 0.07; MC = 4.49, SE = .06), F(1, 68) = 10.86,  p < .001. No 
other effects or interactions were significant. 
The relationships between Flow, FTP, and the perceived efficacy measures including 
general self-efficacy, and individual and collective self-efficacy before completing the puzzles 
are explored as shown in Table 5 broken out by age group. Furthermore, to explore the increase 
in efficacy from before and after the activity as found above, a Post Efficacy Advantage (PEA) 
variable was created for each individual as (Post Efficacy – Pre Efficacy)/Pre Efficacy (M CD = 
.18, SD = .22). 
Flow was only associated with perceived efficacy among older adults as seen in Table 6. 
For older adults, but not younger adults, an increase in the reported intensity of the Flow state 
was associated with perceived collective efficacy before completing the task. Thus, the 
perception of skill in the skill-challenge balance may play a larger role in the Flow experience 
for older when compared to younger adults. Though, neither the intensity of Flow or levels of 
neural activation as measured by HbO2 was found to be related to PEA, overall, or when broken 
out by age groups, ps > .148. 
Individual Differences and the Flow Experience 
Given the smaller sample size compared to the first study, an examination of individual 
differences is exploratory. Correlations among Flow variables, FTP, CD, cognition, and 
personality are presented in Table 6. In these exploratory results the same correlations in the first 
experiment between FTP and CD with Flow were not found.  
Interestingly, while the overall Fluid composite was not significantly correlated with 
Flow, the Dimensional Change Card Sort test, part of the Fluid composite, was negatively 
57 
correlated with Flow, r(70) = -2.40, p =.045. The decline in the ability to focus, shift, and 
maintain attention is consistent with a decrease in the intensity of the Flow state given the 
importance of focused attention to experiencing Flow.  
Discussion 
 The current study examined the effects of social environment and task difficulty on age 
differences in the Flow experience. It also examined whether the difficulty level of an activity 
differentially impacted the Flow experience with age, given age-related motivations due to 
cognitive changes.  
The intensity of the Flow experience was again found to be higher amongst older when 
compared to younger adults. Given the positive valence of Flow, this is further evidence of the 
Flow experience being consistent with an age difference in socioemotional motives (Reed, Chan, 
& Mikels, 2014). The hypothesized advantage for higher Flow in the paired condition for older 
adults, consistent with a more social orientation related to goals that are geared towards 
emotional meaning, was not found. But across participants, there appeared to be more neural 
activation within activities that were done individually. This increased activation in the alone 
compared to the paired condition is consistent with the idea that people are more engaged in 
activities that could develop their own skills or mastery (Csikszentmihalyi et. al., 2005). While 
differences in social condition did not impact the Flow experience overall, the order in which the 
conditions were presented impacted the Flow experience. When the first block had a paired, 
rather than an individual, context there was an increase of the Flow state with age. In essence, 
completing the paired condition first for older adults appears to have set the tone and augmented 
the Flow experience in both the first paired condition and the second alone condition. Thus, it 
58 
appears that performing the activity with another only heightened Flow if done first for older 
adults.  
 Regarding difficulty, neither the easy nor difficult level was found to significantly impact 
the Flow experience. This is inconsistent with the literature suggesting that older adults may 
experience Flow in different levels of challenge than younger adults due to compensation 
strategies related to successful aging (Tse et. al., 2019). Though younger, but not older adults, 
displayed more neural activation in difficult than in easy tasks which is consistent with the idea 
that younger adults are more engaged by difficult tasks in order to develop their skills. When 
efficacy is considered it appears that younger and older adults both felt equal in their ability to 
meet the task, thus no apparent difference in perceived skill-challenge balance is discernable. But 
for older adults, a more intense Flow experience was related to an increase in a feeling of being 
able to solve the puzzles. This was true with their partner before and after completing the puzzles 
and individually after puzzle completion. This may suggest that the perception of their own skill 
may be more important in the experience of Flow for older adults than for younger adults.  
 With regards to the exploratory analysis in brain activation and the Flow experience, no 
relationship was found between Flow and overall levels of neural activation. For brain region, 
increased activation for the ventral region was only found within younger adults during the 
second half of the activity. This lends evidence to the idea that as the Flow experience develops, 
the more implicit system is involved in becoming immersed in an activity (Dietrich, 2004). With 
regards to left vs. right hemisphere, the right hemisphere reflected the same activation patterns 
found across conditions, but activation in the left hemisphere was only significantly impacted by 
the social condition.  
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When the right hemisphere was examined within each age group, only younger adults 
showed greater activation alone when compared to paired and when the activity was difficult 
rather than easy. Although there was a trend for older adults to have greater activation levels in 
the right hemisphere within the dorsal region during the easy condition when they were alone 
rather than paired. Thus, for younger adults, activation levels in the right hemisphere in 
particular are influenced by the social and difficulty conditions of an activity. But for older 
adults, the dorsal region in the right hemisphere may be more engaged depending on the social 
context and difficulty level. This asymmetry in variation between the right and left hemispheres 
may be due to the right hemisphere’s importance in visuospatial processing, which is needed to 
complete jigsaw puzzles, when compared to the left (Corballis, 2003). Furthermore, this 
asymmetry being found in younger and not older adults is consistent with previous findings in 
line with HAROLD (Cabeza, 2002; Dennis & Cabeza, 2008).  
Consistent with the first study, older adults reported stronger Flow scores than younger 
adults, which may be consistent with the  preference for socioemotional goals found in older 
adults (Reed, Chan, & Mikels, 2014). Both studies found evidence that the social environment 
influences the Flow state with age. The first study showed an increasing importance of social 
motives with age in the experience of Flow, while the second study demonstrated order effects 
with social condition. Although both found a relationship between the social environment and 
the experience of Flow with age, neither found evidence that FTP was the underlying mechanism 
for these changes.  
One limitation of the study was that only one participant’s neural activity in each pair 
was able to be measured. Measuring both participants would have provided a larger sample and 
may not have limited the results to an exploratory status. But limiting the results in this manner 
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improved the feasibility of this study given the reduction in costs of using only one fNIRS 
machine. Additionally, given the importance of the pleasurable nature of Flow and its autotelic 
nature, the inability of FNIRS to measure emotion-related regions and reward areas may have 
limited the ability of the study to find a relationship between Flow and neural activation. 
Measuring these aforementioned areas may have provided evidence within this study about a 
relationship between Flow and neural activation. In particular, it could further elucidate whether 
these emotion-related regions and reward areas were related to the Flow experience differentially 
between older and younger adults given the proposed differences in socioemotional motives for 
each age group. Furthermore, a replication of the experiment in which the social conditions are 
done on separate days and with strangers, could further highlight any impact social condition has 
on the Flow experience with age.  
This experiment served as an important follow-up to the first experiment in that it 
addressed many of the limitations of the first by providing an experimental context that allowed 
for an immediate assessment of the Flow experience while manipulating the social condition. 
Furthermore, it provided an important exploration of whether the difficulty level of a task 
influenced the experience of Flow across age. Lastly, it provided exploratory analysis on the 
relationship of neural activation and Flow. While Flow was not reported to be higher in the 
individual condition, as in the first study, levels of neural activation were found to be higher in 
this condition consistent with the Flow state’s association with individual mastery. With regards 
to socioemotional motives, as in the first experiment, the intensity of the Flow experience 
increased with age. This provides further evidence that the Flow experience is strong in older 
adulthood and may serve as an important resource in maintaining successful aging. The proposed 
impact of age-related shift towards socially and emotionally meaningful goals was not found. 
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But a temporal order effect for social condition in older adults provides an avenue for future 























CHAPTER 4: GENERAL DISCUSSION  
The current research set out to examine the influence of social motivation on the 
experience of the Flow state between younger and older adults. Consistent with the view that the 
Flow state is derived from an agentic, individual drive to gain mastery and develop one’s skills, 
Flow was found to be stronger in activities done for one’s own goals. Further support is offered 
in the fact that agentic activities were more accessible in memory. This is largely consistent with 
the view that agency, or the sense of controlling one’s outcomes, is foundational to learning and 
the development of one’s skills (Bandura, 2001; Metcalfe & Greene, 2007). The preservation of 
agency with age (e.g., in the form of self-efficacy, control, or mastery) is argued to be a 
fundamental drive and a pathway to resilience (Heckhausen, Wrosch, & Schulz, 2010; Lachman, 
2006; Ryan & Deci, 2000; Stine-Morrow & Chui, 2012). Individuals have a sense of competence 
and experience positive affect when they participate in activities that develop this sense of 
mastery (Csikszentmihalyi, et al., 2005). Even though older adults did show a reduction in 
temporal horizon and a shift towards collectivist values, they still reported a high level of Flow 
in activities for an agentic purpose. Given the possible importance of the Flow experience for 
engendering cognitive growth, the preserved striving for mastery with age is an important 
resource. 
SST predicts a bias as one ages towards positive over negative information (Carstensen, 
2006) such as improved memory for positive rather than negative information (Mather & 
Carstensen, 2005). Following the shift towards positivity that is predicted by SST, one might 
expect to find an age-related increase in Flow given that it is an autotelic and positive 
experience. Consistent with this, overall Flow did increase with age. However, the relationship 
between Flow and FTP, the underlying mechanism proposed by SST, was the opposite of what 
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would be expected. Flow increased with an expansive, rather than a foreshortened, temporal 
horizon. This result is more consistent with a mastery motive than socioemotional motives. In 
other words, people who perceive the need to prepare for a long future may experience more 
Flow. Therefore, while the positive experience of Flow does increase with age, the mechanisms 
underlying this effect were not able to be isolated.  
Importantly, in line with the evidence of an age-related shift in the importance of social 
motives associated with emotional meaningfulness, the intensity of Flow increased with age for 
communal motives. While this same effect was not found in an experimental context, older 
adults when compared to younger adults experienced a stronger sense of Flow if they began the 
experiment with a partner instead of alone. Overall, this lends support to the hypothesis that the 
experience of Flow is differentially impacted by socioemotional goals with age. This 
demonstrates the importance of examining the social environment in which interventions 
designed to support successful aging are done. Age-related changes in socioemotional goals have 
been shown to impact the motivation to engage in activities that support successful aging 
(Raposo et al., 2020). Thus, exploring how Flow can support such interventions in the future is a 
worthwhile endeavor (Tse et al., 2019). 
The proposed differential impact of difficulty level of the task on Flow with age was not 
found. While the need to compensate and exert more effort in order to successfully perform tasks 
may lead older adults to select into relatively low effort tasks (Hess, 2014), perhaps this finding 
is related to perceived skill rather than perceived challenge. More exploratory results within the 
second study indicated that for older, but not younger adults, feelings of how well they felt they 
would perform or did perform in an activity was positively related to the Flow experience. This 
may indicate that the older adults’ perception of their own skill related to the challenge is more 
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important than the perception of the perceived challenge of the activity. Thus, future research 
should explore how the perception of skill impacts older adults’ experience of activities.   
As reviewed above, the increase in intensity of the Flow experience, an autotelic and 
positive experience, with age aligns with “positivity effect” proposed by SST. While FTP may 
not be the underlying mechanism related to the experience of Flow with age, improved 
emotional regulation with age, as proposed by SST, may relate to the Flow experience. This may 
be similar to proposed models of mindfulness and aging (Prakash, De Leon, Patterson, Schirda, 
& Janssen, 2014) which postulate that increased abilities in emotional regulation with age could 
contribute to older adults’ ability to engage in mindfulness. Mindfulness can be thought of as an 
opposing construct to mind wandering such that it is focused attention on the here and now with 
no distractions (Mrazek, Smallwood, & Schooler, 2012). With a smaller working memory 
capacity (WMC), older adults may need to devote their entire WMC on a task and therefore may 
not be able to afford to engage in mind wandering in order to stay on the task (Krawietz, 
Tamplin, & Radvansky, 2012).  
While mindfulness and Flow can be conceptualized as competing constructs, mindfulness 
being the absorption into one’s self and Flow being the absorption into one’s activity, both 
involve attentional control (Sheldon, Prentice, & Halusic, 2014). The Flow state is comprised of 
a pleasurable experience in a task that requires focused attention and leads the individual to 
return to the task to further develop their skills. Thus, the increased Flow state may be the result 
of the devotion of attention to the task and less attention to stimuli external to the task that could 
disrupt the experience. Perhaps it is the increased ability of older adults to regulate their positive 
emotions, rather than a foreshortened temporal horizon, that leads to the increase in the intensity 
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of the Flow state. Though this mechanism may not fully explain the differential impact social 
motivation has on the Flow experience with age. 
The exploratory analysis of the potential links between the Flow experience and levels of 
activation in the PFC did not reveal the hypothesized connections between Flow and brain 
region. Secondary analysis within younger adults did reveal that the ventral areas became more 
activated in the second compared to the first half of the activity. Overall, activation was greatest 
in activities in an individual environment across participants. Consistent with the findings above 
regarding the relationship between Flow and FTP, younger adults showed more activation in the 
difficult rather than the easy condition. Thus, younger adults may have been more engaged when 
they were able to develop or demonstrate their own mastery over the puzzles. In sum, the 
exploratory analysis was generally consistent with the results above. With a small sample and an 
activation effect only in younger adults, the results point to the need for future research to 
continue to explore the relationship between Flow and levels of brain activity. 
Future research could explore other mechanisms for this increase in Flow related to social 
motives with age, such as change in self-efficacy with age (Lachman, 2006), or other constructs 
found to be associated with Flow, such as mindfulness, cognitive flexibility, and postformal 
thought (Sinnott, Hilton, Wood, & Douglas, 2020). Additional questions surround whether the 
increased ability in emotional regulation as proposed by SST is an underlying mechanism of the 
increase in intensity of the Flow state with age. 
Furthermore, future research could continue to parse how the different dimensions of 
SST impact Flow. These studies could explore how the influence of social motives on Flow 
changes based on the perceived closeness of the target (e.g., cooking for a close family member; 
cooking for strangers at a volunteer event). As mentioned above, a replication of the second 
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experiment in which the social conditions are varied on separate days and include strangers, 
could further highlight any impact social condition has on the Flow experience with age. 
 Overall, the findings of this research demonstrate that the Flow experience, one that is 
associated with individual mastery, is in line with the evidence of SST. As predicted by the 
positivity effect, older adults when compared to younger adults report a stronger intensity of the 
Flow state, a positively valenced experience (Reed, Chan, & Mikels, 2014). Furthermore, the 
age-related shift towards emotional meaningfulness was found in the increasing importance of 
the social environment with age. Clearly, the strength of the Flow experience in older adulthood 
may be a valuable tool in motivating individuals to put forth the effort needed to engage in 
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Table 1  







Mean/% SD Mean/% SD Mean/% SD Mean/% SD
Age (Years) 25.29 2.83 34.05 3.02 49.06 5.72 68.68 5.82
Sex (% Female) 0.59 0.56 0.70 0.70
Race (% Minority) 0.23 0.19 0.15 0.10
Years of Education 14.92 2.01 15.66 2.03 15.03 2.27 15.11 2.45
Future Time Perspective 4.72 0.86 4.68 1.01 4.28 1.08 3.96 1.06
Personality
Neuroticism 2.44 0.68 2.18 0.71 2.13 0.75 1.94 0.67
Extraversion 2.87 0.71 2.78 0.70 2.95 0.63 3.22 0.58
Openness 3.07 0.64 3.07 0.60 3.12 0.55 3.15 0.48
Agreeableness 3.18 0.75 3.18 0.70 3.48 0.59 3.57 0.47
Conscientiousness 3.15 0.65 3.25 0.60 3.42 0.51 3.43 0.49
Agency 2.49 0.68 2.49 0.68 2.51 0.68 2.67 0.67
Values
Individualism 5.93 0.96 5.76 0.97 5.63 0.87 5.57 0.93
Collectivism 5.73 1.22 5.93 1.13 6.09 1.08 6.28 0.94
Time since activity (days) 13.42 17.72 13.35 21.68 15.95 21.87 24.59 29.63
Vividness 4.19 0.77 4.26 0.75 4.53 0.65 4.75 0.46
Boredom 2.44 0.93 2.28 0.89 1.97 0.90 1.54 0.67
Flow Total 3.88 0.48 3.87 0.53 4.06 0.48 4.29 0.36
Agentic Flow 4.00 0.54 3.96 0.61 4.14 0.54 4.34 0.38
Communal Flow 3.75 0.58 3.79 0.56 3.99 0.54 4.26 0.41
Young (n=239) Young Middle (n=270) Middle (n=174) Old (n=87)
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Table 2  








Individual (Alone) Social (With Others)
Agentic Read a book Playing Cards
(For Yourself)
Play games on a computer Going to the movies
Communal Baking Cookies Visit nursing home
(For Others)











Age Edu CD Ind Col FTP Agree Open Neu Extra Cons Agen Flow AFA AF
Education (Edu) 0.00
Collectivistic Dominance (CD) 0.25 ** -0.12 **
Individualism (Ind) -0.16 ** 0.05 -0.56 **
Collectivism (Col) 0.15 ** -1.06 * 0.63 ** 0.23 **
Future Time Perspective (FTP) -0.27 ** 0.03 -0.05 0.23 ** 0.17 **
Agreeableness (Agre) 0.22 ** -0.05 0.27 ** -0.09 0.25 ** 0.18 **
Openness (Open) 0.04 0.04 -0.11 * 0.16 ** 0.01 0.30 ** 0.53 **
Neuroticism (Neu) -0.21 ** -0.01 -0.03 -0.05 -0.09 * -0.26 ** -0.13 ** -0.18 **
Extraversion (Extra) 0.15 ** -0.01 0.09 * 0.11 * 0.23 ** 0.33 ** 0.57 ** 0.57 ** -0.28 **
Conscientiousness (Cons) 0.19 ** 0.06 0.06 0.06 0.10 * 0.26 ** 0.50 ** 0.41 ** -0.35 ** 0.41 **
Agency (Agen) 0.06 0.04 -0.21 ** 0.31 ** 0.02 0.22 ** 0.11 ** 0.41 ** -0.17 ** 0.55 ** 0.19 **
Flow 0.28 ** -0.08 * 0.16 ** 0.16 ** 0.33 ** 0.25 ** 0.32 ** 0.27 ** -0.20 ** 0.30 ** 0.27 ** 0.14 **
Agentic Flow Adv (AFA) -0.12 ** 0.04 -0.13 ** -0.03 -0.17 ** 0.00 -0.05 -0.01 0.10 ** -0.09 * -0.04 -0.07 -0.07
Agentic Flow (AF) 0.20 ** -0.05 0.09 * 0.14 ** 0.24 ** 0.24 ** 0.27 ** 0.24 ** -0.15 ** 0.24 ** 0.24 ** 0.10 ** 0.89 ** 0.38 **
Communal Flow (CF) 0.29 ** -0.09 * 0.20 ** 0.15 ** 0.35 ** 0.21 ** 0.30 ** 0.24 ** -0.22 ** 0.29 ** 0.25 ** 0.15 ** 0.89 ** -0.49 ** 0.60 **
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Table 4 
Experiment 2 Participant Characteristics 
Mean/% SD Mean/% SD
Age (Years) 21.30 2.46 73.80 6.99
Sex (% Female) 48.39 68.42
Race (% Minority) 29.41 7.89
Education Level 14.35 1.81 15.74 2.47
Relationship Length (In days) 1586 2056 12078 9407
Relationship Type (% Friend) 58.82 42.11
Relationship Closeness (URCS) 5.69 1.14 5.39 1.62
Future Time Perspective (FTP) 5.07 0.74 4.06 1.17
Personality
Neuroticism 2.43 0.59 2.04 0.48
Extraversion 3.25 0.53 3.25 0.62
Openness 3.21 0.45 3.16 0.44
Agreeableness 3.39 0.59 3.58 0.42
Conscientiousness 3.26 0.41 3.33 0.49
Agency 2.58 0.72 2.70 0.63
Values
Individualism 5.85 0.87 6.00 0.86
Collectivism 6.19 1.18 6.59 1.12
Memory Capacity 3.47 0.57 3.37 0.50
General Self-Efficacy 26.62 5.73 25.84 6.24
Cognitive Measures
MoCA 27.82 2.08 26.00 3.47
Total Composite 119.88 6.52 99.29 10.91
Crystallized Composite 111.91 6.20 110.63 8.69
Picture Vocabulary 107.18 8.51 110.21 10.13
Oral Reading Recognition 115.94 4.89 110.32 7.39
Fluid Composite 122.24 8.07 89.29 13.45
Flanker Inhibitroy Control and Attention 111.71 3.76 92.97 10.73
List Sorting Working Memory 113.47 10.60 96.84 12.58
Dimensional Change Card Sort 114.18 6.00 97.84 9.89
Pattern Comparison Processing Speed 126.74 14.18 82.26 14.97
Picture Sequence Memory 118.47 12.90 95.76 16.85
Young (n=34) Old (n=38)
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Table 5 








Age FTP Flow GSE IEPre
Future Time Perspective (FTP) -0.38 *
Flow Total (Flow) 0.04 0.17
General Self-Efficacy (GSE) -0.05 -0.04 -0.02
Individual Efficacy Pre (IEPre) -0.09 0.03 -0.06 0.49 **
Collective Efficacy Pre (CEPre) 0.03 -0.13 -0.14 0.20 0.70 **
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
Age FTP Flow GSE IEPre
Future Time Perspective (FTP) -0.43 **
Flow Total (Flow) -0.15 0.26
General Self-Efficacy (GSE) 0.21 0.18 0.23
Individual Efficacy Pre (IEPre) -0.03 0.29 0.32 0.62 **
Collective Efficacy Pre (CEPre) -0.15 0.37 * 0.34 * 0.41 * 0.59 **
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Table 6 







Age Edu CD Ind Col FTP Agre Open Neu Extra Cons Agen FC CC TC Flow AFA AF
Education (Edu) 0.37 **
Collectivistic Dominance (CD) 0.06 0.02
Individualism (Ind) 0.06 -0.14 -0.39 **
Collectivism (Col) 0.13 -0.10 0.65 ** 0.42 **
Future Time Perspective (FTP) -0.52 ** -0.26 * 0.16 0.15 0.24 *
Agreeableness (Agre) 0.15 0.11 0.43 ** 0.10 0.51 ** 0.18
Openness (Open) -0.07 0.08 0.15 0.08 0.21 0.41 ** 0.49 **
Neuroticism (Neu) -0.36 ** -0.02 0.01 -0.08 -0.05 -0.10 -0.05 -0.25 *
Extraversion (Extra) -0.06 0.03 0.32 ** 0.15 0.41 ** 0.35 ** 0.54 ** 0.47 ** -0.11
Conscientiousness (Cons) 0.03 0.05 -0.14 0.00 -0.17 0.17 0.11 0.33 ** -0.13 0.33 **
Agency (Agen) 0.08 0.03 -0.09 0.33 ** 0.14 0.23 * 0.11 0.35 ** -0.16 0.36 ** 0.28 *
Fluid Composite (FC) -0.84 ** -0.17 -0.02 -0.17 -0.18 0.35 ** -0.17 0.07 0.35 ** 0.07 0.03 -0.15
Crystallized Composite (CC) -0.06 0.44 ** -0.05 -0.30 ** -0.30 * -0.18 -0.13 0.05 0.15 -0.19 0.03 -0.02 0.24 *
Total Composite Score (TC) -0.76 ** -0.01 -0.03 -0.24 * -0.25 * 0.25 * -0.18 0.08 0.35 ** 0.00 0.04 -0.14 0.95 ** 0.53 **
Flow 0.33 ** 0.28 * 0.09 0.03 0.08 0.02 0.34 ** 0.27 * -0.06 0.27 * 0.35 ** 0.23 -0.18 0.07 -0.14
Alone Flow Advantage (AFA) 0.03 0.03 -0.14 0.03 -0.13 0.05 -0.08 0.03 -0.14 0.02 0.06 0.02 -0.01 0.08 0.02 0.18
Alone Flow (AF) 0.28 * 0.26 * 0.00 0.05 0.01 0.04 0.24 * 0.24 * -0.11 0.23 0.31 ** 0.22 -0.14 0.12 -0.09 0.96 ** 0.56 **
Paired Flow (PF) 0.31 ** 0.27 * 0.13 0.02 0.12 0.01 0.35 ** 0.25 * -0.02 0.24 * 0.30 * 0.22 -0.17 0.05 -0.13 0.95 ** -0.21 0.68 **
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
73 
Table 7 
fNIRS Participants Characteristics 
Mean/% SD Mean/% SD
Age (Years) 21.25 2.09 75.38 9.30
Sex (% Female) 58.33 87.50
Race (% Minority) 0.25 0.13
Education Level 14.00 2.34 14.75 1.75
Relationship Length (In days) 1310.83 1820.02 11165.63 11144.21
Relationship Type (% Friend) 0.58 0.38
5.73 1.04 5.90 1.31
Future Time Perspective (FTP) 5.07 0.75 4.43 1.06
Personality
Neuroticism 2.44 0.59 2.00 0.40
Extraversion 3.22 0.61 3.48 0.40
Openness 3.12 0.55 3.25 0.48
Agreeableness 3.43 0.37 3.60 0.50
Conscientiousness 3.29 0.45 3.34 0.42
Agency 2.50 0.62 3.03 0.83
Values
Individualism 5.47 0.72 5.90 0.91
Collectivism 6.27 1.07 6.89 1.37
Memory Self-Efficacy 3.31 0.37 3.55 0.46
General Self-Efficacy 26.17 5.08 27.00 7.41
Cognitive Measures
MoCA 27.00 2.22 23.88 4.19
Total Composite 117.25 8.17 94.63 13.42
Crystallized Composite 6.39 108.38 9.87
Picture Vocabulary 8.60 109.00 12.06
Oral Reading Recognition 5.99 107.50 8.93
Fluid Composite 8.91 83.50 16.53
Flanker Inhibitroy Control and Attention 4.64 90.38 15.00
List Sorting Working Memory 9.93 92.63 14.48
Dimensional Change Card Sort 6.20 94.13 13.75
Pattern Comparison Processing Speed 19.94 83.13 20.27
Picture Sequence Memory 14.41 85.25 12.44
Young (n=12) Old (n=8)




Figure 1. Adapted from Csikszentmihalyi, M. (2014). Demonstrates the Flow channel model, in 
which Flow occurs once challenge and skills are matched, anxiety, if challenge exceeds skill, 
and boredom, if skill exceeds challenge. 
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Figure 3. From Hernandez et. al. (2016). Diagram of the fNIRS device showing approximate 













Figure 4. Mean levels of Flow as a function of first social condition and age group (error bars 













Figure 5. Mean levels of Flow as a function social condition and age group in the first block 






Figure 6. Mean levels of HbO2 level as a function of age group and difficulty condition (error 









Figure 7. Mean levels of HbO2 level as a function of brain region and hemisphere (error bars 
























































Figure 9. Mean levels of HbO2 level as a function of age group and difficulty in the right 










Figure 10. Mean levels of HbO2 level as a function of social context and difficulty condition 







Figure 11. Mean levels of HbO2 level for young adults as a function of brain region and time 
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1For FTP, data from 6 participants were lost due to experimenter error.  
2In addition, we measured values using Items 80 to 89 from the World Values Survey (World 
Values Survey Association, 2014), but the items did not show good internal consistency in either 
scale, (α = .67 for both). Therefore, we do not report findings related to this scale. 
3Participant information within the fNIRS group can be found in Table 7, in which data are 
broken out by age group. The age groups did not differ in gender, χ2 (1, N = 20) = 1.94, p = .163 
or minority status, χ2 (2, N = 20) = 3.59, p = .166. The O group had a longer length of 
relationship compared to the Y group, t(18) = -3.04, p = .041. Additionally, they showed no 
difference in education, t(18) = -.77,  p = .450, relationship closeness, t(18) = -.32,  p = .755, 
FTP, t(18) = 1.59,  p = .129, perceived memory capacity, t(17) = -1.28,  p = .218, and values, 
F(1, 18) = 4.06,  p = .059.  
With regards to self-efficacy, the two groups showed no significant difference in general 
self-efficacy, t(18) = -.30,  p = .768. The effects of time of measurement and social condition on 
perceived self-efficacy were examined in a 2 (Age: Y vs. O) x 2 (Time of Measurement: Pre vs. 
Post) x 2 (Social Condition: Self vs. Collective) repeated measures ANOVA. Across both 
groups, participants reported greater self-efficacy after completing the puzzles (MPRE = 4.14, SE 
= .14; MPOST = 4.62, SE = .11), F(1, 18) = 25.56,  p < .001. No further effects or interactions, 
including with age, were significant. 
Using standardized scores from the NIH Toolbox uncorrected for age, the Y group had a 
higher fluid composite score than the O group, t(18) = 6.44,  p < .001. The two groups did not 
differ significantly with regards to the crystallized composite score, t(18) = .39,  p = .702. 
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APPENDIX A: EXPERIMENT 1 INSTRUCTIONS 
Activities by Yourself and with Others and for Yourself and for Others (AYOYO) 
How Do You Experience Them? 
Throughout their lives, people engage in different types of activities and do them for 
different reasons. In our study, we are interested in understanding how people experience these 
activities. In this study we will ask you to reflect on particular types of activities and rate some 
items about how you experienced them. 
Specifically, we are interested in your experience in activities you do for yourself and 
for other people. For example, activities “for yourself” might include those that allow you to 
exercise creativity or doing things your own way, to have a good time, to experience 
excitement, or to pursue goals for your own success. On the other hand, activities “for others” 
might include those in which you help other people or work for the well-being of others, you 
take care of the environment or protect nature, you experience safety or security, or you follow 
the customs or traditions handed down by one’s religion or family. Regardless of the reason you 
engage in the activity, you might do this by yourself or with other people, and we are also 
interested in how you experience activities in these different contexts. 
For example, you might bake cookies by yourself and for yourself (i.e., your own 
enjoyment), or you might bake cookies by yourself for other people. Similarly, you might work 
with a coach, teacher or class to develop your own skills in a sport or a musical instrument; or 
you might work with other people to improve the skills of a team or group. Below is a table that 
displays differences between these activities. 
Now we would like you to think of specific examples of these four different activities 
from your own life and write a brief description of each one in the appropriate boxes below. 
Your description can be just a few words that will help you to remember later what activity you 














In the next part of the survey, you will be asked to reflect on each of the 
four activities that you just selected. For each one, you will provide some 
information about it and/or rate items about your experience. Circle a rating 
that indicates your agreement with each statement about your experience of the 
activity at the top of the page. 
